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(54) [Title of the Invention] 

INSPECTION APPARATUS AND INSPECTION METHOD OF PROJECTION 
OPTICAL SYSTEM, EXPOSURE APPARATUS, AND METHOD OF 
MANUFACTURING MICRODEVICE 

(57) [Abstract] 

[Problem] 

An inspection apparatus and an inspection method by which 
an effect of vibration with low frequency during inspection 
of a projection optical system can be eliminated without using 
an expensive vibration removing device, an exposure apparatus 
by which accurate exposure can be performed, and furthermore 
a method of manufacturing a microdevice in which a yield in 
product can be improved. 
[Means for resolution] 

A test pattern formed on a test reticle Rt is projected 
onto a light receiving surface 42 of an image pickup mechanism 
41 via an objective projection optical system PLe . Light 
receiving time of a projection image on the light receiving 
surf ace 42 is changed for each aberration to be measured. Here, 
when an aberration obtained based on contrast of the pro j ection 
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image is measured, the light receiving time is set to be about 
half a period of vibration with minimum frequency among 
vibrations acting on an inspection apparatus body 22. When 
an aberration obtained based on a coordinate position of the 
projection image is measured, the light receiving time is set 
to be about a period of the vibration with minimum frequency. 
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[Claims ] 
[Claim 1] 

An inspection apparatus of a projection optical system, 
having an illumination optical system for illuminating an 
inspection mask having an inspection pattern, a projection 
optical system for projecting the inspection pattern onto a 
predetermined surface, and measurement means for measuring an 
imaging characteristic of the projection optical system based 
on a projection image of the inspection pattern projected onto 
the predetermined surface, characterized by: 

including control means of changing projection time of 
the projection image projected onto the predetermined surface 
depending on at least one of a kind of the imaging 
characteristic of the projection optical system to be a 
measurement object of the measurement means, and a 
characteristic of vibration acting on the inspection 
apparatus . 
[Claim 2] 

The inspection apparatus of the projection optical 
system according to claim 1, characterized in that: 

detection means for detecting the characteristic of the 
vibration is further provided. 
[Claim 3] 

The inspection apparatus of the projection optical 
system according to claim 1 or 2 , characterized in that: 



4 



JP2000-283889 



a light receiving surface for receiving light of the 
projection image is disposed on the predetermined surface. 
[Claim 4] 

The inspection apparatus of the projection optical 
system according to claim 3, characterized in that: 

the control means changes light receiving time on the 
light receiving surface as the projection time. 
[Claim 5] 

The inspection apparatus of the projection optical 
system according to any one of claims 1 to 4, characterized 
in that : 

means of changing the quantity of light for changing the 
quantity of light of a light beam injected to the light 
receiving surface is further provided. 
[Claim 6] 

An inspection method of a projection optical system, 
which projects an inspection pattern formed on an inspection 
mask onto a predetermined surface via a projection optical 
system, and measures imaging characteristic of the projection 
optical system based on a projection image of the inspection 
patternby measurement means, characterized in that: 

projection time of the projection image projected onto 
the predetermined surface is changed depending on at least one 
of a kind of imaging characteristic of the projection optical 
system to be measured by the measurement means, and a 
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characteristic of vibration acting when the inspection pattern 
is projected onto the predetermined surface. 
[Claim 7] 

An exposure apparatus for transferring a pattern formed 
on a mask onto a substrate via a projection optical system, 
characterized by: 

having the inspection apparatus of the projection 
optical system according to any one of the claims 1 to 5, and 

correction means for correcting an imaging 
characteristic of the projection optical system based on an 
inspection result of the inspection apparatus. 
[Claim 8] 

A method of manufacturing a microdevice, which transfers 
a device pattern formed on a mask onto a substrate via a 
projection optical system to form a predetermined circuit 
pattern on the substrate, characterized in that: 

projection time of a projection image of an inspection 
pattern projected onto a predetermined surface is changed 
depending on at least one of a kind of imaging characteristic 
of the projection optical system to be a measurement object, 
and a characteristic of vibration acting when an inspection 
pattern on an inspection mask is projected onto the 
predetermined surface via the projection optical system, then 
the inspection pattern is projected onto the predetermined 
surface, and then an imaging characteristic of the projection 
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optical system is measured based on a projection image after 
the projection time is changed, and then the imaging 
characteristic of the projection optical system is corrected 
based on a result of measurement, and then the device pattern 
of the mask is transferred onto the substrate. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an exposure apparatus 
used in a photolithography step in a manufacturing process of 
amicrodevice such as a semiconductor element, a liquid crystal 
display element, a thin- film magnetic head, or an image pickup 
element, and a mask such as reticle or photomask, and an 
inspection apparatus and an inspection method of a projection 
optical system used in the exposure apparatus, and furthermore 
relates to a method of manufacturing the microdevice. 
[0002] 
[Prior Art] 

As this kind of exposure apparatus, for example, the 
following apparatus is known. That is, predetermined 
illumination light is irradiated to a circuit pattern formed 
on a mask such as reticle or photomask, and then an image of 
the circuit pattern is projected and transferred onto a 
substrate such as wafer or glass plate via a projection optical 
system. Here, when aberration exists in the projection 
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optical system, a projection image of the circuit pattern 
formed via the projection optical system is distorted, 
consequently a yield in product substrate may be reduced. 
Therefore, various inspection methods and inspection 
apparatuses are used to measure the aberration in the 
projection optical system. 
[0003] 

In particular, in a semiconductor element manufactured 
by transferring a circuit pattern formed on a reticle to a wafer, 
as a degree of integration has been significantly increased 
in recent years, a large number of circuit patterns being 
different from one another are superimposed in layers while 
the patterns are aligned with one another. Therefore, the 
aberration in the projection optical system is required to be 
measured more strictly in the light of securing superposition 
accuracy. 
[0004] 

As an inspection method of the pro j ection optical system, 
for example, the following method is known. That is, in the 
method, a projection image of an inspection pattern formed on 
an inspection mask is formed on an image pickup mechanism 
disposed such that a light receiving surface is situated on 
a conjugate surface (image surface) of an objective projection 
optical system via the objective projection optical system. 
Then, the projection image of the pattern is taken by the image 
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pickup mechanism, and then the taken projection image is 
subjected to image processing, thereby the aberration in the 
projection optical system is inspected. The image pickup 
mechanism is disposed on an XYZ triaxial moving stage 

(hereinafter, called "XYZ stage") by which a moving distance 
can be measured using a laser gauge interferometer or the like. 

[0005] 

As an item causing distortion of the projection image 
in the projection optical system, so-called "Seidel' five 
aberrations" (spherical aberration, coma aberration, 
astigmatism, curvature of image field, and distortion) is given 
A dark line pattern or a bright line pattern of lines and spaces 
(hereinafter, called "L • S") is used for inspection of the 
aberrations as the inspection pattern, in which a plurality 
of linear marks are repeatedly disposed at a certain interval . 
A large number of the L • S patterns are formed on the inspection 
mask with a certain distance. 
[0006] 

Among the five aberrations, the spherical aberration, 
coma aberration, astigmatism, and curvature of image field are 
obtained through inspection based on contrast in brightness 
on a projection image of the L • S pattern taken by the image 
pickup mechanism. A best focus position to be a reference for 
measurement needs to be obtained to maximize the contrast. In 
detection of the best focus position, while a focus position 



9 



JP2000-283889 



of the obj ective pro j ection optical system is changed by moving 
a light receiving surface of the image pickup mechanism along 
a light axis of the objective projection optical system, the 
projection images are sequentially taken. Then, contrast on 
the projection image is measured in each of the focus positions , 
and then a contrast- focus curve is calculated to obtain the 
best focus position. 
[0007] 

On the other hand, the distortion is obtained based on 
a coordinate position of the projection image of each of the 
L • S pattern in a projection region of the objective projection 
optical system. The coordinate position is obtained based on 
the position of the center of gravity of each of the projection 
images and a value read by the gauge. 
[0008] 

The inspection of the projection optical system as above 
is performed while the objective projection optical system is 
mounted on an exposure apparatus having the relevant projection 
optical system or on a special inspection apparatus. Moreover, 
inspection of the projection optical system, that is, 
measurement of each of the aberrations needs to be strictly 
performed to secure accurate exposure operation in the exposure 
apparatus . 
[0009] 

Here, the exposure apparatus and the inspection 
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apparatus are equipped with a vibration removing device to 
reduce an effect of vibration transmitted from the outside to 
the apparatuses. This is because when vibration is 
transmitted to the exposure apparatus and the inspection 
apparatus while the projection image is taken, the projection 
image, which must be essentially rested, may fluctuate. When 
the projection image fluctuates in this way, since time for 
taking the projection image in the image pickup mechanism is 
extremely short, reduction in contrast or parallel 
displacement of the projection image itself may be caused. 
Consequently, the contrast or coordinate position of the 
projection image may not be accurately measured. 
[0010] 

As this type of vibration removing device, for example, 
a vibration removing stage is known, the stage being disposed 
between the exposure apparatus and the inspection apparatus 
and a floor for setting the apparatuses. The vibration 
removing stage has a plurality of legs for accommodating a 
cushion member therein, and a setting table for setting the 
exposure apparatus and the inspection apparatus. The setting 
table is connected to the cushion member via a connection member 
so that the exposure apparatus and the inspection apparatus 
are set in a floating condition from the floor for setting. 
As the cushion member, a coil spring is used, which evenly 
displaces against a load. Such a vibration removing stage is 
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a so-called passive vibration removing stage which removes 
vibration using only a characteristic frequency of the coil 
spring. 
[0011] 

The exposure apparatus and the inspection apparatus are 
typically arranged in a constant-temperature room to eliminate 
environment dependence of size of each member configuring the 
apparatuses to accurately measure a coordinate position of the 
projection image. 
[0012] 

[Problems that the Invention is to Solve] 

The passive vibration removing stage having a usual 
configuration effectively removes vibration having a 
comparatively high frequency such as 50 Hz or higher. However, 
in environment surrounding the exposure apparatus and the 
inspection apparatus, vibration having the frequency or lower 
(for example, frequency of about 23 Hz or 48 Hz) is generated, 
for example, from air conditioning equipment in the 
constant- temperature room. Moreover, vibration having a low 
frequency similar to that as described before may be generated 
from a crane used in carrying the exposure apparatus and the 
inspection apparatus, or used in exchange of the object 
projection optical system in the inspection apparatus. 
Furthermore, generally, a floor of a building in which the 
exposure apparatus and the inspection apparatus are disposed 
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are often designed to have a characteristic frequency of about 
10 Hz for countermeasures of earthquake or the like. 
[0013] 

In this way, in environment surrounding the exposure 
apparatus and the inspection apparatus, single vibrations with 
various frequencies are generated at the same time. When the 
single vibrations are superposed, a synthesized vibration with 
further low frequency is generated, which has a beat frequency 
near the characteristic frequency of the coil spring. Such 
single vibration and synthesized vibration with low frequency 
are hard to be sufficiently removed only by the usual passive 
vibration removing stage. There has been a problem that when 
both the vibrations are transmitted to the exposure apparatus 
and the inspection apparatus, measurement accuracy in the 
contrast of the projection image or coordinate position may 
not be sufficiently secured. 
[0014] 

To perfectly remove both the vibrations with low 
frequency, for example, the following method is considered. 
That is, the exposure apparatus and the inspection apparatus 
are attached with a vibration sensor, so that a vibration 
transmitted to the apparatuses is detected. Then, a vibration 
in a phase opposite to a phase of the transmitted vibration 
is generated based on a detection result of the vibration sensor 
so that the transmitted vibration is cancelled. That is, a 
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so-called active vibration removing stage having such a 

canceling function is used. 

[0015] 

However, use of the active vibration removing stage, 
which actively provides the vibration in the opposite phase, 
causes a problem that the stage itself is extremely expensive, 
resulting in significant increase in manufacturing cost of the 
exposure apparatus and the inspection apparatus. Furthermore, 
it causes a problem that the vibration removing stage and a 
peripheral configuration of the stage become large, leading 
to a complicated configuration and increase in size of the 
exposure apparatus and the inspection apparatus . 
[0016] 

In addition, such an active vibration removing stage has 
a completely different configuration from a configuration of 
the passive vibration removing stage used in the exposure 
apparatus and the inspection apparatus having the usual 
configuration. Therefore, it is not easy that the active 
vibration removing stage is additionally equipped, or the 
passive vibration removing stage is replaced by the active 
vibration removing stage in the exposure apparatus and the 
inspection apparatus having the usual configuration. 
[0017] 

The invention was made aiming to the problem in such a 
prior art. An object of the invention is to provide an 
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inspection apparatus and an inspection method of a projection 
optical apparatus, which can eliminate an effect of vibration 
with low frequency during inspection of aberration in the 
projection optical apparatus without using an expensive 
vibration removing device. Another object of the invention 
is to provide an exposure apparatus by which the aberration 
in the pro j ection optical apparatus can be accurately measured, 
and accurate exposure can be performed. Still another object 
of the invention is to provide a method of manufacturing a 
microdevice, in which a yield in product can be improved. 
[0018] 

[Means for Solving the Problems] 

To achieve the objects, in an invention according to 
claim 1 of the application in connection with an inspection 
apparatus of a projection optical system, inspection 
apparatuses (21, 61) of projection optical systems (PLe, PL), 
which have an illumination optical system (32) for illuminating 
an inspection mask (Rt) having inspection patterns (PAl to PA4 , 
PBl and PB2), projection optical systems (PLe, PL) for 
projecting the inspection patterns (PAl to PA4 , PBl and PB2 ) 
onto predetermined surfaces (42, 87), and measurement 
means (53) for measuring imaging characteristics of the 
pro j ection optical systems (PLe, PL) based on pro j ection images 
of the inspection patterns (PAl to PA4 , PBl and PB2 ) projected 
onto the predetermined surfaces (42, 87), are characterized 
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by including control means (52) of changing projection time 
of the projection images projected onto the predetermined 
surfaces (42, 87) depending on at least one of a kind of imaging 
characteristics of the projection optical systems (PLe, PL) 
to be a measurement object of the measurement means (53) , and 
a characteristic of vibration acting on the inspection 
apparatus (21, 61). 
[0019] 

Here, as a result of various investigations, the inventor 
of the application found that, depending on whether an imaging 
characteristic as a measurement object was measured based on 
contrast of a projection image of an inspection pattern, or 
based on a coordinate position, a period of change in contrast 
or coordinate position was varied. In the invention according 
to claim 1 of the application, projection time of the projection 
image is changed depending on at least one of the kind of the 
imaging characteristics to be the measurement object, and the 
characteristic of the vibration acting on the inspection 
apparatus. Therefore, the projection images can be formed in 
a best condition for each kind of the imaging characteristics, 
or each characteristic of the acting vibration. Thus, an 
effect of vibration with low frequency can be eliminated 
without using an expensive vibration removing device, and 
consequently an imaging characteristic of the projection 
optical system can be accurately measured based on the 
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projection image. 
[0020] 

An invention according to claim 2 of the application is 
characterized in that, in the invention according to claim 1, 
detection means (63) for detecting the characteristic of the 
vibration is further provided. 
[0021] 

Therefore, in the invention according to claim 2 of the 
application, in addition to operation of the invention 
according to claim 1, a characteristic of vibration actually 
acting on the inspection apparatus can be detected by the 
detection means. In addition, projection time of the 
projection image is set depending on the characteristic of the 
vibration, thereby the imaging characteristics of the 
projection optical system can be measured further accurately. 
[0022] 

An invention according to claim 3 of the application is 
characterized in that, in the invention according to claim 1 
or 2, light receiving surfaces (42, 87) for receiving light 
of the projection image are disposed on the predetermined 
surfaces . 
[0023] 

Therefore, in the invention according to claim 3 of the 
application, in addition to operation of the invention 
according to claim 1 or 2 , an imaging condition of the 
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projection optical system can be measured in accordance with 

a use condition of the projection optical system. 

[0024] 

An invention according to claim 4 of the application is 
characterized in that, in the invention according to claim 3, 
the control means (52) changes light receiving time on the light 
receiving surfaces (42, 87) as the projection time. 
[0025] 

Therefore, in the invention according to claim 4 of the 
application, the light receiving time of the projection image 
can be adjusted for each imaging characteristic of the 
measurement object depending on contrast of the projection 
image of the inspection pattern and a period of change in 
coordinate position. Thus, variation in contrast of the 
projection image as a base of measurement of each imaging 
characteristic by the measurement means and parallel 
displacement of the projection image itself can be averaged. 
[0026] 

In the invention according to claim 4 of the application, 
in addition to operation of the invention according to claim 
3, the effect of the vibration with low frequency during 
measuring the imaging characteristic of the projection optical 
system can be eliminated in a simple configuration where light 
receiving time of the projection image of the inspection 
pattern is simply changed. 
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[0027] 

An invention according to claim 5 of the application is 
characterized in that, in the invention according to any one 
of claims 1 to 4, means of changing the quantity of light (43, 
33) for changing the quantity of light of a light beam injected 
to the light receiving surfaces (42, 87) are further provided. 
[0028] 

When the projection image of the inspection pattern is 
taken using an image pickup element (CCD) or the like before 
measuring the imaging characteristic by the measurement means, 
the CCD may be saturated depending on length of time for storing 
the projection image. On the contrary, in the invention 
according to claim 5 of the application, in addition to 
operation of the invention according to any one of claims 1 
to 4, the quantity of light of the projection image projected 
onto the light receiving surface can be adjusted by the means 
of changing the quantity of light. Therefore, the CCD can be 
avoided from being saturated unlike the above, and consequently 
the imaging characteristic of the projection optical system 
can be accurately measured. 
[0029] 

In an invention according to claim 6 of the application 
in connection with an inspection method of a pro j ection optical 
system, an inspection method of pro j ection optical systems (PLe, 
PL) , which projects inspection patterns (PAl to PA4 , PBl and 
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PB2 ) formed on an inspection mask (Rt) onto predetermined 
surfaces (42, 87) via the pro j ection optical systems (PLe, PL) , 
and measures imaging characteristics of the projection optical 
systems (PLe, PL) based on projection images of the inspection 
patterns (PAl to PA4 , PBl and PB2 ) by measurement means (53) , 
is characterized in that projection time of the projection 
images projected onto the predetermined surfaces (42, 87) is 
changed depending on at least one of a kind of imaging 
characteristics of the projection optical systems (PLe, PL) 
to be measured by the measurement means (53), and a 
characteristic of vibration acting when the inspection 
patterns (PAl to PA4 , PBl and PB2 ) are projected onto the 
predetermined surfaces (42, 87). 
[0030] 

Therefore, in the invention according to claim 6 of the 
application, the same operation as in the invention according 
to the claim 1 is exhibited. In an invention according to claim 
7 of the application in connection with an exposure apparatus, 
an exposure apparatus (71) for transferring a pattern formed 
on a mask (R) onto a substrate (W) via a projection optical 
system (PL) , is characterized by having the inspection 
apparatus of the projection optical system according to any 
one of the claims 1 to 5 , and correction means (89, 92, 93) 
for correcting imaging characteristic of the projection 
optical system (PL) based on an inspection result of the 
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inspection apparatus . 
[0031] 

Therefore, in the invention according to claim 7 of the 
application, the imaging characteristic of the projection 
optical system can be accurately measured without using an 
expensive vibration removing device, consequently accurate 
exposure operation can be ensured. Thus, a yield in product 
substrate can be improved. 
[0032] 

In an invention according to claim 8 of the application 
in connection with a method of manufacturing a microdevice, 
a method of manufacturing a microdevice, which transfers a 
device pattern formed on a mask (R) onto a substrate (W) via 
a projection optical system (PL) to form a predetermined 
circuit pattern on the substrate (W) , is characterized in that 
projection time of projection images of inspection patterns 
(PAl to PA4, PBl and PB2 ) projected onto predetermined surfaces 
(42 , 87 ) is changed depending on at least one of a kind of imaging 
characteristic of the projection optical system (PL) to be a 
measurement object, and a characteristic of vibration acting 
when inspection patterns (PAl to PA4, PBl and PB2 ) on an 
inspection mask (Rt) are projected onto the predetermined 
surfaces (42, 87) via the projection optical system (PL) , then 
the inspection patterns (PAl to PA4 , PBl and PB2 ) are projected 
onto the predetermined surfaces (42, 87), and then imaging 
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characteristic of the projection optical system (PL) is 
measured based on projection images after the projection time 
is changed, and then the imaging characteristic of the 
projection optical system (PL) is corrected based on a result 
of measurement, and then the device pattern of the mask (R) 
is transferred onto the substrate (W) . 
[0033] 

Therefore, in the invention according to claim 8 of the 
application, the imaging characteristic of the projection 
optical system can be accurately measured without using an 
expensive vibration removing device, and consequently the 
imaging characteristic of the projection optical system can 
be accurately corrected based on a result of the measurement. 
Thus, a circuit pattern on a mask can be accurately transferred 
onto a substrate, and consequently a yield in product substrate 
can be improved. 
[0034] 

[Mode for Carrying Out the Invention] 
First Embodiment 

Hereinafter, an inspection apparatus and an inspection 
method of a projection optical system of the invention is 
described on a first embodiment specified to a special 
inspection apparatus according to Figs. 1 to 6 . 

[0035] 

Fig. 1 is an outside view of an inspection apparatus being 
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partially cut out, and Fig. 2 is a view showing an outline of 
the inspection apparatus of Fig. 1. As shown in Fig. 1 and 
Fig. 2, an inspection apparatus 21 is configured by an 
inspection apparatus body 22 and a vibration removing stage 
23. A lower stand 25 for removably holding an objective 
projection optical system PLe is vertically arranged on a base 
24 of the inspection apparatus body 22. On the base 24, an 
XYZ stage 26 and a laser gauge interferometer (hereinafter, 
called "gauge") 27 are disposed. The XYZ stage 26 can be moved 
in a triaxial direction of X, Y, and Z by a stage drive section 

28. On the XYZ stage 26, a pair of movable mirrors 29 are 
vertically arranged along an X direction and a Y direction. 
The gauge 27 is disposed so as to face the mirrors 29. The 
gauge 27 emits predetermined laser light to the movable mirrors 

29, and measures a position in XY biaxial directions of the 
XYZ stage 26. 

[0036] 

Here, it is assumed that a direction along a light axis 
AX of the objective projection optical system PLe is a Z axis; 
a direction perpendicular to the light axis AX and along paper 
of Fig. 2 is an X axis; and a direction perpendicular to the 
light axis AX and paper of Fig. 2 is a Y axis. In Fig. 1 and 
Fig. 2, only the gauge 2 7 and the movable mirror 29 for measuring 
a position of the XYZ stage 2 6 in the X direction are shown. 
[0037] 
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On the lower stand 25, an upper stand 3 0 is vertically 
arranged. On the upper stand 30, a reticle holder 31 is 
equipped above the objective projection optical system PLe, 
and a test reticle Rt as an inspection mask is held by vacuum 
adsorption on the reticle holder 31. The test reticle Rt is 
held such that the center of the test reticle is situated on 
the light axis AX of the objective projection optical system 
PLe. 
[0038] 

On the upper stand 30, an illumination optical system 
32 for illuminating the test reticle Rt with predetermined 
illumination light IL is disposed above the test reticle Rt. 
The illumination optical system 32 includes a light source 33, 
fly-eye lens 34, relay lens 35, mirror 36, condenser lens 3 7 
and the like. 
[0039] 

The light source 33 emits pulsed light of KrF excimer 
laser light, ArF excimer laser light, F2 excimer laser light 
or the like as the illumination light IL. The fly-eye lens 
34 includes a number of lens elements, and a number of secondary 
light source images corresponding to respective lens elements 
are formed on an output surface of the lens. Then, the 
secondary light source images are superposed on the test 
reticle Rt via a synthesis system of the relay lens 35, mirror 
36, and condenser lens 37, so that the light source illuminates 
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a surface on the test reticle Rt with uniform illumination 

distribution. 

[0040] 

A shutter mechanism 3 9 having a shutter 3 8 is attached 
to a bottom of the illumination optical system 32 . The shutter 
3 8 is extracted and retracted with respect to an optical path 
of the illumination light IL by a shutter drive section 40, 
so that the illumination light IL is intermittently irradiated 
onto the test reticle Rt . 
[0041] 

An image pickup mechanism 41 including an image pickup 
element (CCD) is disposed on the XYZ stage 2 6 . The image pickup 
mechanism 41 is moved in the triaxial direction of X, Y, and 
Z in a projection feasible region of the objective projection 
optical system PLe by actuating the XYZ stage 26. 
[0042] 

An attenuation plate 43 as means of changing the quantity 
of light is provided between a light receiving surface 42 of 
the image pickup mechanism 41 and the objective projection 
optical system PLe. The attenuation plate 43 has a disk shape, 
wherein a plurality of attenuation filters 44 having different 
transmission factors from one another to the illumination light 
IL are arranged at a circumf erentially equal angle interval. 
The attenuation plate 43 is rotated by an attenuation plate 
drive section 45, thereby each attenuation filter 44 is 
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corresponding to the light receiving surface 42 of the image 
pickup mechanism 41. Intensity of the illumination light IL» 
injected to the light receiving surface 42 is adjusted through 
selection of an attenuation filter from the attenuation filters 
44 having different transmission factors. 
[0043] 

The vibration removing stage 23 has a setting table 46 
for setting the inspection apparatus body 22, wherein hollow 
cylindrical legs 47 are disposed so as to be corresponding to 
four corners of the setting table 46. A coil spring 48 having 
a predetermined spring constant is accommodated within each 
of the legs 47. The setting table 46 is connected to an upper 
part of the coil spring 48 via a connection member 49. The 
inspection apparatus body 22 is placed on the setting table 
46 in a condition of floating from a floor FL at a place for 
setting the body. Here, the vibration removing stage 23 is 
the so-called passive vibration removing stage removing 
vibration by using only a characteristic frequency of the coil 
spring 48. 
[0044] 

Next, a configuration for measuring an imaging 
characteristic of the objective projection optical system PLe 
is described. As shown in Fig. 3 and Fig. 4, when the imaging 
characteristic is measured, a test reticle Rt is used, on which 
a plurality of test patterns PAl to PA4 , PBl and PB2 as 
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inspection patterns are formed in an arranged manner. A set 
of the test patterns PAl to PA4 , PBl and PB2 configure a test 
pattern group PG. On the test reticle Rt, a plurality of the 
test pattern groups PG are formed in the arranged manner at 
a predetermined interval with a two-dimensional dispersion. 
In the embodiment, in a pattern region PR on the test reticle 
Rt corresponding to the projection feasible region of the 
objective projection optical system PLe, the test pattern 
groups PG are formed at 13 places in total including a central 
portion of the region, four corners, middle portions between 
the four corners, and intermediate image height portions 
between the central portion and the four corners. 
[0045] 

The test patterns PAl to PA4 , PBl and PB2 are dark line 
patterns of L*S in which a plurality of linear shade portions 
Ps are formed while being arranged with a certain interval. 
The test patterns PAl to PA4 and the test patterns PBl, PB2 
are different from each other in arrangement period (line 
width) of the shade portions Ps . Moreover, the test patterns 
PAl, PA2 , PA3 and PA4 , or the test patterns PBl and PB2 are 
different from one another in arrangement direction of the 
shade portions Ps . 
[0046] 

As shown in Fig. 2, all of the stage drive section 28 
for driving the XYZ stage 26, light source 33 for emitting the 
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illumination light IL, shutter drive section 40 for driving 
the shutter 38, and attenuation plate drive section 45 for 
driving the attenuation plate 43 are connected to the main 
control system 52 for controlling operation of the overall 
inspection apparatus body 22 . That is, the XYZ stage 26, light 
source 33, shutter 38, and attenuation plate 43 are operated 
according to an instruction from the main control system 52 . 
[0047] 

The gauge 27 is connected to a processing section 54 
equipped in an aberration detection section 53 as measurement 
means via the main control system 52. From the gauge 27, 
information on a position in the X and Y directions of the XYZ 
stage 2 6 is outputted to the processing section 54 via the main 
control system 52. The stage drive system 28 is connected to 
the processing section 54 via the main control system 52 . From 
the stage drive system 28, information on a position in the 
Z direction of the XYZ stage 2 6 is outputted to the processing 
section 54 via the main control system 52. 
[0048] 

The image pickup mechanism 41 is connected to the 
processing section 54 via a frame memory 55 equipped in the 
aberration detection section 53 . Information on an image 
received by the image pickup mechanism 41 via the light 
receiving surface 42 is temporarily stored in the frame memory 
55, then inputted into the processing section 54. The frame 
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memory 55 is connected with a monitor 56 for confirming a light 
receiving condition of the projection image of the pattern on 
the test reticle Rt in the image pickup mechanism 41. 
[0049] 

In the processing section 54, an imaging characteristic 
of the objective projection optical system PLe is measured 
based on the information on the received image inputted from 
the image pickup mechanism 41, and the information on the 
position of the XYZ stage 2 6 inputted from the gauge 27 and 
the stage drive system 28. 
[0050] 

The main control system 52 is connected with a storage 
device 57 storing information on opening time of the shutter 
3 8 for each type of the imaging characteristic being the 
measurement object, and information on transmittance of the 
attenuation filter 44, which is changed per the opening time, 
and the like. A timer 58 is equipped in the main control system 
52. Furthermore, a configuration is acceptable, in which a 
selection switch depending on a type of imaging characteristic 
being a measurement object is provided in the main control 
system 52, and the information on the opening time of the 
shutter 3 8 and the information on the transmittance of the 
attenuation filter 44 are called up from the storage device 
57 according to an imaging characteristic selected by the 
selection switch. 
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[0051] 

Next, operation of measuring the imaging characteristic 
of the objective projection optical system PLe is described. 
The main control system 52 instructs the stage drive section 
2 8 to move the XYZ stage 2 6 to a predetermined position . Thus, 
the light receiving surface 42 of the image pickup mechanism 
41 is made to be corresponding to one of projection images of 
the test patterns PAl to PA4 , PBl and PB2 projected in the 
projection feasible region of the objective projection optical 
system PLe. 
[0052] 

Next, the main control system 52 reads information (the 
opening time of the shutter 38, the transmittance of the 
attenuation filter 44 and the like) necessary for measurement 
of the imaging characteristic for each type of the imaging 
characteristic from the storage device 57. Then, the main 
control system 52 instructs the attenuation plate drive section 
45 to selectively dispose an optimum attenuation filter 44 on 
the light receiving surface 42. Moreover, the main control 
system 52 performs setting of the opening time of the shutter 
38 in the timer 58. Then, the main control system 52 instructs 
the light source 33 to emit the illumination light IL. 
[0053] 

Then, the main control system 52 instructs the shutter 
drive section 40 to open the shutter 38, and the shutter 3 8 
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is opened. At the same time, the timer 58 starts timing. Thus, 
the projection images of the test patterns PAl to PA4 , PB1 and 
PB2 are projected onto the light receiving surface 42 of the 
image pickup mechanism 41 via the objective projection optical 
system PLe. Then, the projection images are taken and stored 
by the image pickup mechanism 41. After the time set in the 
timer 58 has passed, the main control system 52 instructs the 
shutter drive section 40 to close the shutter 38, and instructs 
the light source 33 to stop emission of the illumination light 
IL. Thus, the image pickup mechanism 41 stops taking of the 
pro j ection images . 
[0054] 

Information on pictures of the projection images taken 
by the image pickup mechanism 41 is temporarily stored in the 
frame memory 55 . At the same time, information on the position 
of the XYZ stage 26, that is, information on the position of 
the light receiving surface 42 is inputted into the processing 
section 54 from the gauge 27 and the stage drive section 28. 
Then, the processing section 54 measures the imaging 
characteristic of the objective projection optical system PLe 
based on those kinds of information. 
[0055] 

The imaging characteristic, that is, "Seidel' five 
aberrations" are roughly classified into the following two 
aberrations. One is an aberration in a light axis direction, 
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which is obtained based on contrast in brightness on the 
projection images taken by the image pickup mechanism 41 . The 
aberration in the light axis direction includes the spherical 
aberration, coma aberration, astigmatism, and curvature of 
image field. The other is an aberration in a direction 
perpendicular to the light axis, which is obtained based on 
coordinate positions of the projection images . The aberration 
in the perpendicular direction includes distortion. 
[0056] 

A case of measuring the aberration in the light axis 
direction is described together with a method of measuring a 
best focus position. First, to measure the best focus position, 
the stage drive section 2 8 gradually moves the XYZ stage 2 6 
with a predetermined interval along the light axis AX of the 
objective projection optical system PLe . Thus, the light 
receiving surface 42 of the image pickup mechanism 41 is 
gradually moved to change a focus position of the objective 
projection optical system PLe . At each of the focus positions , 
one of the test patterns PAl to PA4, PBl and PB2 is appropriately 
selected for each imaging characteristic to be measured as 
above, and a projection image of the pattern is detected. 
[0057] 

Here, for example, the test pattern as shown in Fig. 5 (a) 
is assumed to be taken by the image pickup mechanism 41. In 
this case, theoretical light intensity distribution at the best 
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focus position of the projection image is as shown in Fig. 5 (b) . 
However, actually, even if the test pattern is taken via an 
objective projection optical system PLe in an ideal condition, 
a waveform of light intensity distribution obtained from a 
binary image due to shading of the projection image is as shown 
in Fig. 5(c). The waveform of the light intensity distribution 
is subtly changed due to the focus position or an aberration 
remained in the objective projection optical system PLe. 
[0058] 

The processing section 54 calculates amplitude of a main 
peak MP in a waveform of intensity distribution of light 
obtained in this way for each focus position, the light having 
passed through a translucent portion Pt of the test pattern 
PAl . Then, contrast is detected for each of the focus positions 
from the amplitude of the main peak MP at each focus position. 
Then, the processing section 54 calculates a correlation curve 
between the focus position and the contrast from a result of 
the detection, and sets a focus position at which the highest 
contrast is given as the best focus position. 
[0059] 

When the spherical aberration is measured, the test 
patterns having different line width from each other, for 
example, PAl and PBl, or PA2 and PB2 are used to obtain best 
focus positions of the projection images of the respective test 
patterns PAl and PBl, or PA2 and PB2 . Then, difference between 
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the best focus positions is measured, thereby the spherical 

aberration is obtained. 

[0060] 

When the coma aberration is measured, at least one of 
the test patterns PAl to PA4 in the test pattern group PG is 
used, the test patterns being disposed on the four corners of 
the pattern region PR on the test reticle Rt, or on the middle 
portions between the four corners. Then, difference in 
intensity between a pair of pseudo-peaks SPl and SP2 
(difference in peak height) Al is measured, the pseudo-peaks 
appearing at both ends of the main peak MP in the waveform of 
light intensity distribution at the best focus positions of 
the test patterns PAl to PA4 . 
[0061] 

Here, when the coma aberration is not found in the 
objective projection optical system PLe, difference in 
intensity do not appear between the pair of pseudo-peaks SPl 
and SP2, as shown in Fig. 5(c). On the contrary, when the coma 
aberration is found in the objective projection optical system 
PLe, difference in intensity Al corresponding to a quantity 
of the coma aberration appears between the pair of pseudo-peaks 
SPl and SP2, as shown in Fig. 5(d) . Thus, measured difference 
in intensity Al between the pair of pseudo-peaks SPl and SP2 
is compared with a previously obtained, relational expression 
on intensity Al between the pair of pseudo-peaks SPl and SP2 
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for each coma aberration quantity, thereby coma aberration in 
an arrangement direction of the test patterns PAl to PA4 
provided for measurement is obtained. 
[0062] 

When the astigmatism is obtained, the test patterns PAl 
to PA4 in four directions different from one another are used. 
Here, a best focus position on a sagital plane is obtained using 
the test pattern PAl, and a best focus position on a tangential 
plane is obtained using the test pattern PA2 , respectively. 
Moreover, a best focus position in a 45° direction is obtained 
using the test pattern PA3 , and a best focus position in a 135° 
direction is obtained using the test pattern PA4 , respectively . 
Then, difference between the best focus positions on the 
sagital plane and the tangential plane, and difference between 
the best focus positions in the 45° direction and the 135° 
direction are measured, thereby the astigmatism is obtained. 
[0063] 

When the curvature of image field is obtained, the 
astigmatism is measured for a plurality of test pattern groups 
PG including a test pattern group PG disposed in a central 
portion of the pattern region PR on the test reticle Rt . Then, 
displacement in best focus positions of projection images of 
respective test patterns PAl to PA4 in a pattern group PG 
disposed in the periphery with respect to best focus positions 
of projection images of respective test patterns PAl to PA4 
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in the pattern group PG disposed in the central portion is 
measured, thereby the curvature of image field is obtained. 
[0064] 

On the other hand, when the aberration in the 
perpendicular direction, that is, the distortion is measured, 
first, the XYZ stage 2 6 is moved by the stage drive section 
28. Thus, at least one of projection images of the test 
patterns PA1 to PA4 in a test pattern group PGc situated in 
the central portion of the test reticle Rt as shown in Fig. 
4 is allowed to be corresponding to the image pickup mechanism 
41. When the projection image is taken by the image pickup 
mechanism 41, and stored in the frame memory 55, the processing 
section 54 calculates the position of the center of gravity 
of the projection image from a waveform of light intensity 
distribution of the projection image. Then, the gauge 27 is 
reset to zero with the position of the center of gravity as 
a position of center coordinates. 
[0065] 

Next, the XYZ stage 2 6 is moved in the XY biaxial 
directions, so that similar detection of the position of the 
center of gravity of the projection image is sequentially 
performed to at least one of the test patterns PAl to PA4 in 
a plurality of test pattern groups PGc different from the test 
pattern group PGc situated in the central portion. At that 
time, in synchronization with taking of the projection image 
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by the image pickup mechanism 41, the main control system 52 
instructs the gauge 27 to measure a position in the X and Y 
biaxial directions of the XYZ stage 26, and input a result of 
the measurement into the processing section 54. Thus, the 
position of the center of gravity of the projection images of 
the test patterns PAl to PA4 in the test pattern groups PG is 
obtained as a coordinate position on a coordinate system with 
the position of the center of gravity of the projection images 
of the test patterns PAl to PA4 in the test pattern group PGc 
disposed in the central position as the origin. Then, the 
processing section 54 measures difference between a coordinate 
position of each of the projection images and a lattice point 
in the ideal lattice, that is, a coordinate position of each 
projection image in the case that distortion is assumed to be 
not present in the objective projection optical system PLe, 
thereby the distortion is obtained. 
[0066] 

According to a result of an earnest investigation of the 
inventor of the application, it was found that when contrast 
of the projection image was measured, the contrast was varied 
every measurement mainly due to an effect of a single vibration 
with low frequency. Moreover, it was found that when the 
coordinate position of the projection image was measured, the 
projection image as a whole is displaced parallel in the XY 
plane mainly due to an effect of a synthesized vibration with 
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further low frequency produced by superposition of a plurality 

of the single vibrations. 

[0067] 

Here, as shown in Fig. 6, in the usual configuration, 
light receiving time of the pro j ection image in the image pickup 
mechanism 41 is extremely short compared with a period of 
vibration with a minimum frequency among the synthesized 
vibration. On the contrary, light receiving time of the 
projection image in the image pickup mechanism 41 is lengthened, 
thereby the variation in contrast and the parallel displacement 
of the coordinate position can be significantly reduced. This 
is because fluctuation of the projection image due to the 
vibration with low frequency is averaged within the light 
receiving time of the projection image. 
[0068] 

To suppress the variation in contrast most effectively, 
the light receiving time is set to be a time approximately 
corresponding to half a period of the vibration with low 
frequency, or a time more than it . In this case, when the light 
receiving time is extremely long, the contrast is generally 
reduced. Therefore, the light receiving time is preferably 
in a range of one- fourth to three- fourths of the period of the 
vibration with low frequency, and further preferably in a range 
of one-third to two-thirds of the period of it. 
[0069] 
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Moreover, to suppress the parallel displacement of the 
coordinate position most effectively, the light receiving time 
is set to be a time approximately corresponding to a period 
of the vibration with the minimum frequency in the synthesized 
vibration, or a time more than it, and preferably set in a range 
of two-thirds to four-thirds of the period of the vibration 
with the minimum frequency, and further preferably in a range 
of three-fourths to five-fourths of the period of it. 
[0070] 

Therefore, according to the first embodiment configured 
as above, the following advantages can be obtained. 

(A) In the inspection apparatus 21 of the first 
embodiment, the main control system 52 changes the light 
receiving time of the projection images of the test patterns 
PAl to PA4, PBl and PB2 in the image pickup mechanism 41 
depending on aberration in the objective projection optical 
system PLe to be measured. Here, in the aberrations (spherical 
aberration, coma aberration, astigmatism, and curvature of 
image field) in the light axis direction measured based on 
contrast of the projection images, the light receiving time 
is set to be at least approximately half the period of the 
vibration with the minimum frequency, which affects the 
measurement, in the synthesized vibration. Moreover, in the 
aberration (distortion) in the perpendicular direction 
measured based on the coordinate position of the projection 
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image, the light receiving time is set to be at least about 
a period of the vibration with the minimum frequency, which 
affects the measurement, in the synthesized vibration. 
[0071] 

Therefore, when the projection image is received by the 
image pickup mechanism 41, contrast being varied every 
measurement caused by fluctuation of the projection image and 
the parallel displacement of the projection image are averaged. 
Thus, the projection image in measurement of each aberration 
can be formed in a best condition at any time, consequently 
the effect of the vibration with low frequency can be 
eliminated. 
[0072] 

Therefore, each aberration in the objective projection 
optical system PLe can be accurately measured based on the 
projection image. Consequently, significant increase in 
manufacturing cost in the inspection apparatus 21, or the 
vibration removing table 23 and the peripheral configuration 
of the table can be avoided from being complicated or increased 
in size. 
[0073] 

In addition, the effect of the vibration with low 
frequency can be eliminated in a simple configuration where 
the light receiving time of the projection images of the test 
patterns PAl to PA4, PBl and PB2 is simply changed. Therefore, 
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an inspection apparatus 21 that can accurately inspect the 
obj ective pro j ection optical system PLe can be achieved without 
causing increase in number of components or a complicated 
configuration . 
[0074] 

(B) In the inspection apparatus 21 of the first 
embodiment, the light receiving surface 42 of the image pickup 
mechanism 41 for receiving light of the projection images of 
the test patterns PAl to PA4 , PBl and PB2 is disposed on the 
image surface of the objective projection optical system PLe. 
Therefore, each aberration in the objective projection optical 
system PLe can be easily and accurately measured in accordance 
with a use condition of the objective projection optical system 
PLe. 

[0075] 

(C) In the inspection apparatus 21 of the first 
embodiment, the attenuation plate 43 is equipped, which changes 
the quantity of light of the projection images of the test 
patterns PAl to PA4 , PBl and PB2 , the light being injected to 
the light receiving surface 42 of the image pickup mechanism 
41. 

[0076] 

In the first embodiment, the projection image is taken 
by CCD equipped in the image pickup mechanism 41 . In this case, 
the quantity of light of the projection images passing through 
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the attenuation plate 43 is adjusted by the plate 43 depending 
on length of time for storing the projection images, thereby 
the quantity of light of the projection images reaching to the 
CCD can be adjusted. Therefore, CCD can be prevented from being 
saturated, and consequently the imaging characteristics of the 
projection optical system can be accurately measured. 
[0077] 

Second Embodiment 

An inspection apparatus 61 of the second embodiment is 
different from the first embodiment in arrangement of the 
shutter mechanism 39 and the attenuation plate 43 of an 
inspection apparatus body 62, as shown in Fig. 7 and Fig. 8. 
Moreover, the inspection apparatus body 62 has a vibration 
sensor 63 on the base 24, and an expansion optical system 65 
equipped in an image pickup mechanism 64. 
[0078] 

In the inspection apparatus body 62, the shutter 
mechanism 3 9 is disposed so as to cover the light receiving 
surface 42 of the image pickup mechanism 64 in an openable and 
closable manner on the XYZ stage 26. The attenuation plate 
43 is provided between the fly-eye lens 3 4 and the relay lens 
35 in the illumination optical system 32. 
[0079] 

The vibration sensor 63 is disposed in approximately the 
center of the base 24 , and detects a period of a vibration acting 
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on the base 24, then outputs information on the period of the 
vibration to the main control system 52. 
[0080] 

Furthermore, the expansion optical system 65 is disposed 
below the light receiving surface 42 of the image pickup 
mechanism 64, and expands the projection images of the test 
patterns PAl to PA4 , PBl and PB2 injected to the light receiving 
surface 42 at a predetermined magnification. The projection 
images expanded by the expansion optical system 65 are taken 
by an image pickup element (CCD) 67 via a mirror 66. 
[0081] 

In the inspection apparatus 61 of the second embodiment, 
when the imaging characteristics of the objective projection 
optical system PLe are measured, the main control system 52 
sets light receiving time on the light receiving surface 42 
of the image pickup mechanism 64 based on information on a type 
of imaging characteristic being a measurement object, in 
addition, based on information on the period of the vibration 
inputted from the vibration sensor 63. In other words, in 
measurement of the imaging characteristics, the main control 
system 52 reads optimum opening time of the shutter mechanism 
39 from the storage device 57 depending on the period of the 
vibration actually acting on the inspection apparatus body 62 
and an aberration to be measured, and sets the opening time 
in the timer 58. 
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[0082] 

In this case, each of the measured aberrations contains 
an aberration in the expansion optical system 65. Therefore, 
information on the aberration in the expansion optical system 
65 is previously stored in the storage device 57. When each 
aberration is measured based on the projection image taken by 
the CCD 67, the processing section 54 reads the information 
on the aberration in the expansion optical system 65 from the 
storage device 57 via the main control system 52 . Then, the 
processing section 54 corrects the measured aberration using 
the information on the aberration in the expansion optical 
system 65 to obtain the imaging characteristic of the objective 
projection optical system PLe. 
[0083] 

Therefore, according to the second embodiment, the 
following advantages can be obtained in addition to the 
advantages described in (A) to (C) in the first embodiment. 

(D) In the inspection apparatus 61 of the second 
embodiment, the inspection apparatus body 62 has the vibration 
sensor 63 for detecting a characteristic of vibration acting 
on the inspection apparatus body 62 . 
[0084] 

Therefore, when the imaging characteristic of the 
objective projection optical system PLe is measured, a 
characteristic of the vibration actually acting on the 
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inspection apparatus body 62 is detected by the vibration 
sensor 63, so that light receiving time of each of the 
projection images of the test patterns PAl to PA4 , PB1 and PB2 
corresponding to the characteristic of the vibration can be 
set. Therefore, the light receiving time can be securely 
prevented from being set excessively long, and consequently 
the imaging characteristics of the objective projection 
optical system PLe can be further accurately measured. In 
particular, measurement of aberration based on contrast of the 
projection image can be accurately performed. 
[0085] 

In addition, the characteristic of the vibration 
detected by the vibration sensor 63 is the period of the 
vibration acting on the inspection apparatus body 61. 
Therefore, light receiving time on the light receiving surface 
42 of the image pickup mechanism 64 can be easily obtained for 
each aberration based on a period of the detected vibration. 
[0086] 

(E) In the inspection apparatus 61 of the second 
embodiment, the expansion optical system 65 is disposed between 
the light receiving surface 42 of the image pickup mechanism 
64 and the CCD 67. Therefore, the projection images of the 
test patterns PAl to PA4 , PBl and PB2 that have passed through 
the light receiving surface 42 are taken by the CCD 67 while 
being expanded by the expansion optical system 65. Thus, 
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resolution of the projection images on the CCD 67 is increased, 
and the projection images are stored n the frame memory 55 as 
further accurate images. Consequently, measurement accuracy 
of each aberration in the processing section 54 can be further 
improved . 
[0087] 

Third Embodiment 

Next, a third embodiment is described, in which an 
exposure apparatus available to the inspection method of the 
projection optical system of the invention is specified to an 
exposure apparatus for manufacturing a semiconductor element, 
mainly on portions different from the first embodiment. 
[0088] 

In an exposure apparatus 71 of the third embodiment, as 
shown in Fig. 9, a reticle blind 72 is provided between a pair 
of relay lenses 35 of the illumination optical system 32. The 
reticle blind 72 is disposed such that a shading surface of 
the blind is in a conjugate relationship with the pattern region 
on the reticle R. The reticle blind 72 includes plural sheets 
of movable shading portions (for example, two L- shaped, movable 
shading portions) that can be opened and closed by a reticle 
blind drive section 73. Size of an opening (slit width or the 
like) formed by the movable shading portions is adjusted, 
thereby the illumination region for illuminating the reticle 
R can be optionally set. 
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[0089] 

A reticle stage RST is disposed at a side of an object 
surface of the projection optical system PL . The reticle stage 
RST holds a reticle R such as the test reticle Rt having the 
test patterns PAl to PA4, PBl and PB2 formed thereon, or a device 
reticle having a device pattern formed thereon in an 
exchangeable manner. Moreover, the reticle stage RST holds 
the reticle R slowly movably in the X direction perpendicular 
to the light axis AX of the projection optical system PL. 
Furthermore, the reticle stage RST can be moved in a 
predetermined direction (scan direction (Y direction) ) by a 
reticle stage drive section 74 configured by a linear motor 
and the like. 
[0090] 

The reticle stage RST has a moving stroke being enough 
to allow the whole surface of the reticle R to traverse at least 
the light axis of the illumination light IL. In Fig. 9, it 
is assumed that a direction along the light axis AX of the 
projection optical system PL is a Z direction, a direction 
perpendicular to the light axis AX of the projection optical 
system PL and perpendicular to paper is a X direction, and a 
direction perpendicular to the light axis AX of the projection 
optical system PL and along paper is a Y direction. 
[0091] 

A movable mirror 76 for reflecting laser light from a 
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laser interferometer gauge 75 is fixed to an end of the reticle 
stage RST. The gauge 75 continuously detects a position in 
the Y direction of the reticle stage RST, and outputs 
information on the position to the main control section 52 . 
The main control section 52 controls a reticle stage drive 
section 74 based on the positional information on the reticle 
stage RST, and thus moves the reticle stage RST. 
[0092] 

The illumination light IL that has passed through the 
reticle R is injected into the projection optical system PL. 
The projection optical system PL forms a projection image 
reduced in one-fifth or one-fourth of the pattern on the reticle 
R on an image surface of the system. 
[0093] 

A wafer stage WST is disposed at a side of the image 
surface of the projection optical system PL . On the wafer stage 
WST, a wafer W as a substrate coated with a photoresist being 
photosensitive to the illumination light IL on a surface 
thereof is set and held via a wafer holder 77 . The wafer holder 
77 can be inclined in an optional direction with respect to 
an optimum imaging surface of the projection optical system 
PL, and can be slowly moved in a direction of the light axis 
AX of the projection optical system PL (Z direction) by a 
not-shown drive section. 
[0094] 
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The wafer stage WST is configured to be movable by a wafer 
stage drive section 78 not only in the scan direction (Y 
direction) , but also in a direction (X direction) perpendicular 
to the scan direction such that it can be optionally moved with 
respect to a plurality of shot regions partitioned on the wafer 
W. This enables step-and-repeat operation where full-wafer 
exposure is repeated for each of the shot regions partitioned 
on the wafer W, and step-and-scan operation where scanning 
exposure is repeated. 
[0095] 

The movable mirror 29 for reflecting laser light from 
the gauge 27 is fixed to an end of the wafer stage WST , and 
the gauge 27 continuously detects positions in the X and Y 
directions of the wafer stage WST. Positional information (or 
speed information) of the wafer stage WST is inputted into the 
main control system 52 and the processing section 54 via the 
main control system 52. The main control system 52 controls 
the wafer stage drive section 74 based on the positional 
information (or speed information) . 
[0096] 

Here, when the pattern on the reticle R is subjected to 
full-wafer exposure to predetermined exposure regions (shot 
regions) on the wafer W in a step-and-repeat method, the 
illumination region on the reticle R is shaped into an 
approximately square shape by the reticle blind 72. Then, 
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while both the reticle R and the wafer W are rested, an image 
of the pattern on the reticle R in the illumination region is 
collectively projected to the shot region on the wafer W via 
the projection optical system PL. 
[0097] 

On the other hand, when the pattern on the reticle R is 
subjected to scan exposure to the shot regions on the wafer 
W in a step-and-scan method, the illumination region on the 
reticle R is shaped into a rectangle (slit) shape by the reticle 
blind 72. The illumination region has a longitudinal 
direction in a vertical direction to a scan direction at a 
reticle R side (+Y direction) . The reticle R is scanned at 
a predetermined speed Vr during exposure, thereby a circuit 
pattern on the reticle R is sequentially illuminated from a 
side of one end to a side of the other end in the slit-like 
illumination region. Thus, the pattern on the reticle R in 
the illumination region is projected onto the wafer W via the 
pro j ection optical system PL, consequently a pro j ection region 
is formed. 
[0098] 

Here, since the wafer W is in an inversion imaging 
relationship with the reticle R, it is scanned at a 
predetermined speed Vw in synchronization with scan of the 
reticle R in an opposite direction (-Y direction) to the scan 
direction of the reticle R. Thus, all the shot regions on the 



50 



JP2000-283889 



wafer W can be exposed. A ratio of scan speed Vw/Vr is 
accurately corresponding to reduced magnification of the 
projection optical system PL, consequently the circuit pattern 
on the reticle R is accurately transferred onto each of the 
shot regions on the wafer W in a reduced manner. 
[0099] 

Above the wafer stage WST, a focus position detection 
system 81 including a pair of light sending system 79 and a 
light receiving system 80 is arranged so as to hold the 
projection optical system PL between them. The light sending 
system 79 obliquely emits measurement light having a wavelength 
to which the photoresist is not sensitive to a surface of the 
wafer W. The light receiving system 80 receives reflected 
light of the measurement light from the surface of the wafer 
W, and a focus position (position in the Z direction) of the 
surface of the wafer W is detected based on a light receiving 
position of the reflected light. Information on the detected 
focus position is inputted into the main control system 52 and 
the processing section 54 of the aberration detection section 
53 via the main control system 52. 
[0100] 

As shown in Fig. 9 and Fig. 10 , an image pickup mechanism 

84 for measuring the imaging characteristics of the projection 
optical system PL is removably equipped in an attachment recess 

85 on the wafer stage WST such that a surface 86 of the mechanism 
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has approximately the same height as height of the surface of 
the wafer W. On the surface 8 6 of the image pickup mechanism 
84, slits 87 as a plurality of light receiving surfaces are 
opened such that each slit is approximately corresponding to 
size of one shading portion Ps of each of the test patterns 
PA1 to PA4, PB1 and PB2 . An image pickup element (CCD) 88 is 
disposed in a position corresponding to each of the slits 87 
in the image pickup mechanism 84. The CCD 88 is connected to 
the frame memory 55. 
[0101] 

In the image pickup mechanism 84, projection images of 
the test patterns PAl to PA4 , PBl and PB2 are taken as follows. 
That is, as shown in Fig. 9 and Fig. 11, first, the wafer stage 
WST is moved to dispose the slits 87 in the image pickup 
mechanism 84 in a scan start position Pi near one of the test 
patterns PAl to PA4 , PBl and PB2 projected in the projection 
feasible region of the projection optical system PL. Then, 
the main control system 52 reads relative moving speed between 
the pro j ection images and the slits 87 , the speed being previous 
stored, from the storage device 57 for each aberration to be 
measured. When the main control system 52 instructs the wafer 
stage drive section 78 to move the wafer stage WST, the slits 
87 is moved to a scan end position P2 with the relative moving 
speed along an arrangement direction of projection images Ps' 
corresponding to the shading portions Ps with respect to the 
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pro j ection images . 
[0102] 

Thus, the projection images Ps' corresponding to the 
shading portions Ps sequentially pass on the slits 87, 
consequently the projection images are taken by the CCD 88. 
Then, the aberration detection section 53 measures the imaging 
characteristics of the projection optical system PL based on 
the taken projection images, as in the first embodiment. In 
this way, the third embodiment is in a configuration where the 
light receiving time of the projection images of the test 
patterns PAl to PA4 , PBl and PB2 at the slits 87 of the image 
pickup mechanism 84 is changed by changing the relative moving 
speed between the projection images and the slits 87 for each 
aberration to be measured. 
[0103] 

Moreover, in the exposure apparatus of the third 
embodiment, adjustment of the quantity of light of a projection 
image injected to the slits 87 of the image pickup mechanism 
84 is performed by allowing the light source 33 for emitting 
illumination light IL to change pulse number of the 
illumination light IL according to an instruction from the main 
control system 52. Here, the light source 33 configures means 
of changing the quantity of light. 
[0104] 

Furthermore, as shown in Fig. 9, the main control system 
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52 is connected with an imaging characteristic control section 
89 for controlling the imaging characteristic of the projection 
optical system PL based on each aberration measured by the 
processing section 54 of the aberration detection section 53 . 
The imaging characteristic control section 89 is connected with 
drive elements 92 including a piezoelectric element or the like 
for changing an interval between a plurality of lens elements 
91 accommodated in a bodytube 90 of the projection optical 
system PL. Moreover, the imaging characteristic control 
section 89 is connected with a pressure control section 93 for 
adjusting pressure within the bodytube 90 of the projection 
optical system PL. The imaging characteristic control section 
89, drive elements 92, and pressure control section 93 
configure correction means. 
[0105] 

Here, the main control system 52 instructs the imaging 
characteristic control section 89 to drive the respective drive 
elements 92 and the pressure control section 93 based on 
information on each aberration in the projection optical system 
PL. Thus, a relative position of each of the lens elements 
91 is changed, and pressure within the bodytube 90 of the 
projection optical system PL is adjusted, and consequently the 
imaging characteristics of the projection optical system PL 
are corrected. 
[0106] 
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Therefore, according to the third embodiment, the 
following advantages can be obtained in addition to 
approximately the same advantages as described in (A) to (C) 
in the first embodiment. 
[0107] 

(F) In the exposure apparatus 71 of the third embodiment, 
the imaging characteristic of the projection optical system 
PL are corrected based on the aberration measured by the 
aberration detection section 53 . Therefore, each aberration 
in the projection optical system PL can be accurately measured, 
and the imaging characteristic of the projection optical system 
PL can be accurately corrected. Therefore, the pattern formed 
on the reticle R can be accurately projected and transferred 
onto the wafer W, and consequently a yield in product wafer 
can be improved. 

[0108] 

(G) In the exposure apparatus 71 of the third embodiment, 
adjustment of the quantity of light of the projection image 
injected to the slits 87 of the image pickup mechanism 84 is 
performed by allowing the light source 33 for emitting the 
illumination light IL to change pulse number of the 
illumination light IL according to the instruction from the 
main control system 52 . 

[0109] 

Therefore, in the case that the light receiving time of 



55 



JP2000-283889 



the projection image via the slits 84 of the image pickup 
mechanism 84 is lengthened, the CCD 88 can be avoided from being 
saturated without causing increase in number of components and 
a complicated configuration. 
[0110] 

Modifications 

The embodiments of the invention may be modified as 
follows . 

• In the embodiments, a dark-line pattern, in which a plurality 
of linear shading portions Ps are arranged at a predetermined 
interval in a translucent portion Pt, is used for the test 
patterns PAl to PA4 , PBl and PB2 . On the contrary, a 
bright-line pattern, in which a plurality of linear translucent 
portions Pt are arranged at a predetermined interval in a 
shading portion Ps , may be used for the test patterns PAl to 
PA4 , PBl and PB2 . 
[0111] 

In such a configuration, approximately the same 
advantages as in the embodiments are obtained. Particularly, 
in the third embodiment, the projection images of the test 
patterns PAl to PA4 , PBl and PB2 and the slits 87 of the image 
pickup mechanism 84 are relatively moved, and the projection 
images are taken by the CCD 88 via the slits 87, thereby 
information on the imaging characteristic of the projection 
optical system PL is obtained. Therefore, in the case of using 
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the bright-line pattern in the third embodiment , when the slits 
87 are disposed on the scan start position Pi and the scan end 
position P2 , the relevant slits 87 can be allowed to correspond 
to portions corresponding to the shading portions Ps of the 
projection images. Thus, approximately no light beam is 
received by the CCD 88 at the scan start position Pi and the 
scan end position P2 . Therefore, the exposure apparatus 71 
can be simplified in configuration and can be simply controlled 
without needing the shutter mechanism 39. 
[0112] 

• The respective embodiments are in a configuration where the 
projection images of the test patterns PAl to PA4 , PBl and PB2 
are taken by the image pickup mechanisms 41, 64 and 84 and 
subjected to image processing, so that each of aberrations in 
the projection optical systems PLe and PL is measured. On the 
contrary, it is acceptable that images of the test patterns 
PAl to PA4, PBl and PB2 are printed on the wafer W coated with 
a photoresist via the projection optical systems PLe and PL. 
Then, the printed images of the patterns are developed, and 
then the developed pattern images are visually observed using 
an electron microscope or the like to measure each of 
aberrations in the projection optical systems. 
[0113] 

In such a configuration, approximately the same 
advantages as in the respective embodiments are obtained except 
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for the (E) . 

• While the illumination light IL is pulsed light such as excimer 
laser light in the respective embodiments, for example, a 
bright line of visual light or ultraviolet light such as g-rays , 
h-rays, and i-rays, a higher harmonic wave of continuous laser 
light such as metal vapor laser light, YAG laser light, solid 
laser light, and fiber laser light, and continuous light such 
as extremely far ultraviolet light. 

[0114] 

In such a configuration, approximately the same 
advantages as in the respective embodiments are obtained except 
for the (G) . 

• While the CCD 67 or 88 is used for the image pickup element 
in the respective embodiments, for example, an image sensor 
of a BBD type, CID type, CPD type, MOS type, PCD type and the 
like, a photomul tiplier , and a line sensor may be used. 
[0115] 

In such a configuration, approximately the same 
advantages as in the respective embodiments are obtained. 

• In the embodiments, adjustment of the quantity of light in 
the projection image injected to the light receiving surface 
42 or the slits 87 of the image pickup mechanisms 41, 64 and 
84 is performed by changing the attenuation filter 44, or 
changing the pulse number of the illumination light IL emitted 
from the light source 33. On the contrary, for example, the 
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quantity of light may be adjusted using an energy modulator 
of a grating type in which a plurality of lattice plates having 
translucent portions and shading portions formed at a certain 
pitch therein are disposed in piles relatively movably in a 
pitch direction of the lattice. Moreover, it is also 
acceptable that the quantity of light may be adjusted using 
an energy modulator or the like in which two optical element 
plates transparent to the illumination light IL, the plates 
being applied with anti-reflection coating on both sides, are 
disposed such that the angle of inclination is symmetric and 
changeable with respect to the illumination light IL, and 
energy of the illumination light IL is changed by changing the 
angle of inclination. 
[0116] 

In such a configuration, approximately the same 
advantages as in the respective embodiments are obtained. 
• In the second embodiment, an output signal from the vibration 
sensor 63 with being not subjected to vibration is previously 
stored in the main control system 52 or the storage device 57 
as a reference value. Then, in a certain time while a period 
of an output signal from the vibration sensor 63, that is, a 
period of vibration acting on the base 24 is within a 
predetermined range from the reference value, the projection 
images of the test patterns PAl to PA4 , PB1 and PB2 are taken 
by the image pickup mechanism 64. The imaging characteristic 
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of the objective projection optical system PLe may be measured 
based on the projection images taken in this way. In this case, 
since the imaging characteristics are measured in a low 
vibration condition, the light receiving time in the image 
pickup mechanism 64 may be lengthened similarly as in the 
embodiments, or may be shortened to a level where sufficient 
resolution is still given in the image pickup mechanism 64. 
[0117] 

By the image pickup mechanism 64, the projection images 
of the test patterns PAl to PA4 , PBl and PB2 are continuously 
taken with short light receiving in a level where sufficient 
resolution is still given in the image pickup mechanism 64, 
and stored in the frame memory 55. The output signal from the 
vibration sensor 63 in synchronization with taking of the 
projection images is similarly stored in the frame memory 55 
at the same time. Then, when the output signal from the 
vibration sensor 63 is within the predetermined range from the 
reference value, the projection images are extracted from the 
frame memory 55 to measure the imaging characteristic of the 
objective projection optical system PLe. 
[0118] 

When such configurations are given, vibration acting on 
the inspection apparatus body 62 is superposed with a noise 
component, consequently even if a period of the vibration is 
not constant, accurate aberration measurement can be 
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performed. 
[0119] 

• In the second embodiment, the aberration in the expansion 
optical system 65 previously stored in the storage device 57 
is used to correct aberration to be measured based on the 
projection images taken by the CCD 67. On the contrary, for 
example, the following may be used: a rotation mechanism for 
rotating the expansion optical system 65 by a predetermined 
angle is provided, so that the expansion optical system 65 is 
sequentially disposed in positions being 180° different from 
each other, and the imaging characteristic is measured in each 
position. Then, an average of results of the two times of 
measurement is obtained, thereby the effect of the aberration 
in the expansion optical system 65 is eliminated. Similarly, 
it is acceptable that while the objective projection optical 
system PLe is rotated, the imaging characteristics of the 
system are measured, and an average of results of the 
measurement is obtained, thereby the effect of the aberration 
in the expansion optical system 65 is eliminated. 

[0120] 

In such a configuration, approximately the same 
advantages as in the second embodiment are obtained. 

• In the third embodiment, the light receiving time of the 
projection images of the test patterns PAl to PA4 , PBl and PB2 
is changed by changing the relative moving speed between the 
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projection images and the slits 87 for each aberration to be 
measured. On the contrary, it is acceptable that a counter 
is equipped in the main control system 52, the relative moving 
speed is set to be constant at any time, and the number of 
relative moving between the projection images and the slits 
87 is changed under counting of the counter for each aberration 
to be measured, thereby the light receiving time of the 
projection images is changed. 
[0121] 

• In the third embodiment, the projection images of the test 
patterns PAl to PA4 , PBl and PB2 are rested, and the wafer stage 
WST is moved, thereby the slits 87 of the image pickup mechanism 
84 is moved to take the projection images by the CCD 88 via 
the slits 87 . On the contrary, it is acceptable that the slits 
87 are rested, and the reticle stage RST is moved, thereby the 
projection images are moved to take the projection images. 
Moreover, it is acceptable that both the stages RST and WST 
are relatively moved in synchronization with each other, 
thereby the projection images and the slits 87 are relatively 
moved to each other, and thereby the projection images are 
taken . 

[0122] 

• In the third embodiment, the projection images of the test 
patterns PAl to PA4 , PBl and PB2 are taken by the CCD 8 8 via 
the slits 87 formed on the surface 86 of the image pickup 



62 



JP2000-283889 



mechanism 84. On the contrary, it is acceptable that, for 
example, a rectangular opening is provided in the surface 8 6 
of the image pickup mechanism 84, and while the opening and 
the projection images are relatively moved, the projection 
images are taken by the CCD 88 via the opening. 
[0123] 

• In the third embodiment, a specific example of the exposure 
apparatus is shown, the exposure apparatus having the 
pro j ection optical system PL for reducibly pro j ecting the image 
of the pattern on the reticle R onto the wafer W. On the 
contrary, the invention may be specified to an exposure 
apparatus having a projection optical system for projecting 
the pattern image onto the wafer w in same or expanded 
magnification . 

[0124] 

• In the third embodiment, a specific example in the exposure 
apparatus for manufacturing a semiconductor element is shown. 
On the contrary, the invention may be specified to an exposure 
apparatus for manufacturing other microdevices such as a liquid 
crystal display element, a thin- film magnetic head, and an 
image pickup element, or manufacturing a mask such as reticle 
and photomask. 

[0125] 

In such configurations, approximately the same 
advantages as in the third embodiment are obtained. 
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Furthermore, projection optical systems PL, PLe are not limited 
to a system where all optical elements are configured by 
refractive lenses , and may be a system configured by reflective 
elements (mirrors) , or may be a catadioptic system including 
refractive lenses and reflective elements. Moreover, the 
systems are not limited to the reduction system, and may be 
a same magnification system or an expanded system. 
[0126] 

The inspection apparatuses 21, 61 and the exposure 
apparatus 71 of the respective embodiments are manufactured 
by assembling various subsystems including respective 
components given in claims of the application in a manner of 
keeping predetermined mechanical accuracy, electrical 
accuracy, and optical accuracy. To secure these kinds of 
accuracy, adjustment for achieving optical accuracy for 
various optical systems, adjustment for achieving mechanical 
accuracy for various mechanical systems, and adjustment for 
achieving electrical accuracy for various electrical systems 
are performed before and after the assembling. An assembling 
step from various subsystems to the inspection apparatuses 21, 
61 and the exposure apparatus 71 includes mechanical connection, 
connection of an electric circuit, piping connection of an 
air-pressure circuit, and the like between various subsystems. 
It is obvious that there is an assembling step of each of the 
subsystems individually before the assembling step from the 
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various subsystems to the inspection apparatuses 21, 61 and 
the exposure apparatus 71. When the assembling step from the 
various subsystems to the inspection apparatuses 21, 61 and 
the exposure apparatus 71 is finished, total adjustment is 
performed to generally secure various kinds of accuracy of the 
inspection apparatuses 21, 61 and the exposure apparatus 71. 
The inspection apparatuses 21, 61 and the exposure apparatus 
71 are desirably manufactured in a clean room being controlled 
in temperature, cleanliness and the like. 
[0127] 

A semiconductor device is manufactured via a step of 
designing functions and performance of the device; a step of 
preparing a reticle R based on the design step; a step of 
preparing a wafer W from silicon material; a step of exposing 
a pattern of the reticle R to the wafer W by the exposure 
apparatus 71 of the embodiment; a device assembling step 
(including dicing step, bonding step and package step) ; an 
inspection step and the like. The illumination optical system 
and projection optical system PL including a plurality of 
lenses are assembled in the body of the exposure apparatus 71 
and then subjected to optical adjustment, and the reticle stage 
RST and the wafer stage WST are mounted on the body of the 
exposure apparatus 71 and connected with wiring lines or pipe 
lines, and furthermore total adjustment (electrical 
adjustment, operation check and the like) is performed, thereby 
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the exposure apparatus 71 of the embodiment can be manufactured 
The exposure apparatus 71 is desirably manufactured in a clean 
room being controlled in temperature, cleanliness and the like. 
[0128] 

Next, further technical ideas recognized from the 
embodiments and modifications are described below with 
advantages of them. 

(1) An advantage is given, that is, when a characteristic 
of the vibration includes at least a period of the vibration, 
optimum light receiving time on a light receiving surface for 
each imaging characteristic can be easily obtained based on 
the period of the vibration. 

[0129] 

(2) An advantage is given, that is, when the illumination 
light is pulsed light, and the means of changing the quantity 
of light controls pulse number of the pulsed light for a light 
source for emitting the pulsed light, in the case that an image 
pickup element is used, the image pickup element can be avoided 
from being saturated without causing increase in number of 
components and a complicated configuration. 

[0130] 

[Advantage of the Invention] 

As described in detail hereinbefore, according to 
inventions according to claims 1 and 6, a projection image of 
an inspection pattern can be formed in a best condition for 
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each kind of imaging characteristic , or for each characteristic 
of vibration acting on an inspection apparatus. Therefore, 
an effect of vibration with low frequency during inspection 
of a projection optical system can be eliminated without using 
an expensive vibration removing device, and consequently 
imaging characteristic of the projection optical system can 
be accurately measured. 
[0131] 

According to an invention according to claim 2 of the 
application, in addition to the advantage of the invention 
according to claim 1, projection time of the projection image 
of the inspection pattern is set depending on a characteristic 
of vibration actually acting on the inspection apparatus, 
thereby the imaging characteristic of the projection optical 
system can be further accurately measured. 
[0132] 

According to an invention according to claim 3 of the 
application, in addition to the advantage of the invention 
according to claim 1 or 2 , an imaging condition of the 
pro j ection optical system can be easily and accurately measured 
in accordance with a use condition of the projection optical 
system. 
[0133] 

According to an invention according to claim 4 of the 
application, in addition to the advantage of the invention 
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according to claim 3, the effect of the vibration with low 
frequency can be eliminated in a simple configuration where 
light receiving time of the projection image of the inspection 
pattern is simply changed. Therefore, the projection optical 
system can be accurately inspected without causing increase 
in number of components and a complicated configuration. 
[0134] 

According to an invention according to claim 5 of the 
application, in addition to the advantage of the invention 
according to any one of claims 1 to 4, for example, when an 
image pickup element is used to receive light of the projection 
image of the inspection pattern, the image pickup element can 
be avoided from being saturated. Therefore, the imaging 
characteristics of the projection optical system can be 
accurately measured. 
[0135] 

According to an invention according to claim 7 of the 
application, the imaging characteristic of the projection 
optical system can be accurately measured without using an 
expensive vibration removing device, consequently accurate 
exposure operation can be ensured. Therefore, a yield in 
product substrate can be improved. 
[0136] 

According to an invention according to claim 8 of the 
application, a circuit pattern on a mask can be accurately 
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transferred onto a substrate, consequently a yield in product 

substrate can be improved. 

[Brief Description of the Drawings] 

Fig. 1 is a partial cutout front view showing an 
inspection apparatus of a projection optical system of a first 
embodiment ; 

Fig. 2 is a schematic block diagram showing the 
inspection apparatus of Fig. 1; 

Fig. 3 is a plane view showing a test pattern in an 
enlarged manner; 

Fig. 4 is a plane view showing a test reticle; 

Fig. 5 is an explanatory view on image processing of a 
projection image of a test pattern; 

Fig. 6 is an explanatory view showing a relationship 
between a period of vibration and light receiving time; 

Fig. 7 is a partial cutout front view showing an 
inspection apparatus of a pro j ection optical system of a second 
embodiment ; 

Fig. 8 is a schematic block diagram showing the 
inspection apparatus of Fig. 7; 

Fig. 9 is a schematic block diagram showing an exposure 
apparatus of a third embodiment; 

Fig. 10 is a partial section view showing a relevant part 
of Fig. 9; and 

Fig. 11 is an explanatory view on relative movement 
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between projection images and slits. 
[Description of the Reference Numerals and Signs] 
21, 61 inspection apparatus 

32 illumination optical system 

33 light source configuring means of changing the quantity of 
light 

42 light receiving surface 

43 attenuation plate configuring means of changing the quantity 
of light 

52 main control system configuring control means 

53 aberration detection section configuring measurement means 
63 vibration sensor as detection means 

71 exposure apparatus 

87 slit as light receiving surface 

89 imaging characteristic control section configuring part of 
correction means 

92 drive element configuring part of correction means 

93 pressure control section configuring part of correction 
means 

PA1 to PA4, PB1, PB2 test pattern as inspection pattern 
PL projection optical system 

PLe objective projection optical system as projection optical 
system 

R reticle as mask 

Rt test reticle as inspection mask 
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W wafer as substrate 
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Fig. 2 

3 3 LIGHT SOURCE 

40 SHUTTER DRIVE SECTION 

45 ATTENUATION PLATE DRIVE SECTION 

52 MAIN CONTROL SYSTEM 

53 ABERRATION DETECTION SECTION 

54 PROCESSING SECTION 

55 FRAME MEMORY 

56 MONITOR 
58 TIMER 

Fig. 5 

INTENSITY 

POSITION 

Fig. 6 

COORDINATE VALUE 
TIME 

VIBRATION WITH MINIMUM FREQUENCY 

LIGHT RECEIVING TIME IN USUAL CONFIGURATION 

LIGHT RECEIVING TIME DURING MEASURING CONTRAST 

LIGHT RECEIVING TIME DURING MEASURING COORDINATE POSITION 

Fig. 8 

33 LIGHT SOURCE 
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40 SHUTTER DRIVE SECTION 

45 ATTENUATION PLATE DRIVE SECTION 

52 MAIN CONTROL SYSTEM 

53 ABERRATION DETECTION SECTION 

54 PROCESSING SECTION 

55 FRAME MEMORY 

56 MONITOR 
58 TIMER 

63 VIBRATION SENSOR 
Fig. 9 

33 LIGHT SOURCE 

52 MAIN CONTROL SYSTEM 

53 ABERRATION DETECTION SECTION 

54 PROCESSING SECTION 

55 FRAME MEMORY 

56 MONITOR 
58 TIMER 

73 RETICLE BLIND DRIVE SECTION 

89 IMAGING CHARACTERISTIC CONTROL SECTION 

93 PRESSURE CONTROL SECTION 
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LSMZtltl74 V-TVY ■ X^-X (£AT, r L • 

sj t^o. ) mw^->£tdi*m^?-ybm 
^t>til. £tz. huIBL • S^-yii. mfeommz 

a \ ^x ? ±.izmm®.z tix\^i. 
[ooo6] Baie5iRn^9%, mrnumt. 3vjkh 

uxoaiiutfriEL • sw-y<7>&mmzmz>wm 

coayh^xhlzm^xStb^til* Z<nnyy=yx 
il^UW^ibh^i^hh. Z^Xhyt-XX®. 

mn®m. mimmK^miemzWi^x. frie 
mMme&mzm* ixmwz&k^&co? *- # 

[00 07] ffflEr-f Xh-xa ffiiefcfclfc 

c7)immmm@.mzm^xm^tih. zvmBta. 

i&tlzm^X$iibbtlZ>. 

[0008] &±<o x d zmmmmnt. *m. 
mm^mmnm^mw. h^m&mti&mmz 
®mkmmm®mitzw&x'fthti&. ttz. mm 
mft%mz&^x&n&<Dmmiftmm&tzMz 

mmz?id<mtfh&. 

[0009] zzt. m&®xmws.vm.mmzii. 

zkmz. mmmtfmmtix^z, ztm. mm 

imzti&k. *$m±ix^i^mmtf®tiW)< 
z t tfhhtzfrX'hh. zcox o MmmmtiWK 
fc. mtmmmmxcommm^^mn. r<« 

m8\X-*> ayf^HWRTUr 1 ). 
*S«t*« 3 FfrBWiLfcO't&;i:36 t *4. *tT, file 
W«3yh7X h^JifcffilSrlEWKffaitS £ fc 

[0010] i<08<0|^l11i: LTii, ffljilfffiiES 

mzftixmmffimbmzti. mmmwR 
vm£mwmu*mmfrt>mmx'®mi x $ 

[ o o i n S3(3Hftv»aaiiii. 



[00 12] 

rmx&iz&^xte. mitts o Hza±coimm»^ 
mmLcomma. y&mizmztzzbm'zz. bz 
htK mmmm;mRvmt ; mm>9%<mmizi5^ 
xa. tmmmtpx? mtx2 3 h z mm 8 h z 

am*. mmtmmmzm&teffiWft¥%co#m 
izmmnz>7u-yfrt>i>. miZbmm%mmnco 
Wtiimt&.ztihzbWhh. zuz. nine, fries 
mmm®mw.<?>&Mzti&mm<omz. mm 
mvtcfr , iohz m&omtimm®. b%&xo izm\ 

ZtiX^hZbtfZW 

[0013] zcdz 0 iz. mimmm.vmm.i 
m%<mmzt5^xii. *«%m&.<o*&sMm* 
izmxtix^h. zix, ztihmwmtfm:*)^ 
ob. mmzjiv^nmwsmizi&mitt-hffi 

znzo %m 'mcrymmm &mmz , mm* 
v^Tmwt&nfrx+ftmz-ttcoizfflmxfoz, * 

ix. mmmmmt&z%£mmmmmzii;mz 
tih b . mmm&nay \>?x v*m&&wvmm 
m+Mzmu.x* * < %i&*ixtfih &b^o w\mtf 

[0014] mimmkmmm%.&zmct&tz 

*>. mmmwmfmmmzwm^vvimtf 
n. tKh&mz B&zixhwmzmtth . zix. 
%(r>mto*>v<nw!&mz&3\^x. imztixztz 
wmbmmnwmzmL^tx . mus&zixiwto 

mtummizbTbi. 

[0015] LfrVWh, zcoko K»ffiWtc:*fiffl 

zy<7mL\,mmm<b^oi8\&$£.t?>. tiz. ® 
mtemzmwfam^m^Khnbtt^x. mu 
mit^m.mfmmmzmhm^nmtmf^mt 

[00 16] t*>fcs z<r>X^T9T<f\mUi. 

mffi*m&m?mm«s®&mmzmztix 
miv * * is b <mii> coxb h . 
z<ntz#>. mmmmm^mm^mmmza^ 

x. imT9?4~m&h*mmkLiz*). ^-^y 
m&$7?T<7mm&izwMitz<9-fhzbh%% 
%ztt\m\ 
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[0017] *»hjuj, zn£o%&&ff>tifflz#&t 

x\z. &m%®i&mmm^ &zt%<. 
%mm&commm.vmxmim-th zuz 

[00 18] 

«6tEfflA'^-V (PA1-PA4, PB1. P 
B2) ZtithlfcmiX? (Rt) £!SWI>BSTO 
99 ( 3 2 ) fc, i^«aEfflA-^-> (PA1-PA 
4 , P B 1 , P B 2 ) £0r5£ffi (42, 87) ±lcf£i2 

(PLe, PDi, flfffiF/rJgffiU 
2,87) ±ca»Siifcl»IB»aEfflA^-y ( P A 1 
~P A 4 . PB1, PB2) WjSaiMRKa^V^TIJIES 
103^36 (PLe, PL) ^W&ttfcftfc-rSitW^ 

a (53) k&uittiismxfm <PLe, pd« 
sua (2i. 6i) t^wc mmm-et (53) 
■w>ihih* t & § fui Ban**?* ( p l e , pd« 

f£«1ftttf)8$fc , fflE^gg (21, 61) fcfM) 

1(42, 8 7) ±K«i»t-5 MB&iHfca&RWHa* 
sa-rinw^a (52) t ^#sttti. t 
vyxhh* 

[0 0 19] 8«8@*Lfc» 

ziyh52.hizm~5^xftMZtLZt>co%<7)i)\ 

WI,zm~3^XitWZtlhi>cr)%cr>-f)Hz£-?X , f?)3y 

ffi«iaft<o«»«ii«f*sHM-i ; t a*-es , mam 
mzm^xmim&ft¥»co%®mE$:jEmzwrm-f 

tZttfXth. 

1 0 0 2 0 ] «m««2c«i^MHut. ite 
■t4«taj*a ( 6 3 ) *$fefcia»«:;fc*i«afc-rs 

[0021] :«fcft, *KH*352t:iB«<0«iflT 



mtx, mmm&nmvm&wt&tizbx. nuts 
mm%mm<iiz-miEmzmt*z z t *«?* 
1. 

1 0 0 2 2 ] i fc, #Si!M3 OE«««"W4. sue 
Hf&B 1 4 fcttH^JB 2 fcE»*)#Pifc4i wc , ffifEFJr 

£B±tu, mem&i%ytt&&m (42.8 
[0023] zcofcfr. *mt%3£imomx' 

%c?tei&im<mm*n ozt & . 

[ 0 0 2 4 ] *Hff$)S4 ti2«<0»iWi, HfiiE 

m*JH3tiEa^wttj^T, iuis$ijffli#a (52) 
(4. usBUBusrat ix mssxm (42, 8 7 ) \za 

[0025] Z0>t$>. Wtl4 C:fBfsOfS B JJT' 

[0026] *ia^*J54 fc|Ett<0S6Wr«. 

fJlBlf*«3(ClBmo»BB«0^fflKJP^T. JWcflSEffl 

mmnmmi&x'zz. 

[ 0 0 2 7 ] *IS^«5 tfBfJWJJi, huIS 

»^ja 1 -it ^js4 co 3 ■h^i'ti^miztmcomiz 

H^X. filBSM (4 2, 87 ) tZ*Mtl%g&>% 
«M0W (43, 33)5: $ ^(Ciix 

[0028] n«^a-c^ts«i$tt^it«ifcjber>T« 

MitfflWBR* (CCD) & 

oTti. mffBCCDA^««t^-9tL.ta^t*^ 
S. ^ix(c«LT. *«lf ^JS 5 lz%Mt<7)%WX\t , ffir 
Clftfifl 1 ~M*S4 co 3 *>v^'^*^JltlBttco^ 

MlBcoi 0 ccDswiwrtaBfc^osiaatii 
fc . mm&mm&*immmh z 1 

WX'Zh. 

[ 0 0 2 9 ] ttz. &m&mm£mm&*m 

%®6l,zWM<r>%mz. ®m-?x? (Rt ) ±.lzBfc 
Ztlfc1%&m^?-> (PA1-PA4, PBl, PB 

2)Srft»3K?»(PLe > PL) ^UTUrgffl (4 
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2,87) itswu msmsw-y ( p a i~ 

PA4, PB1, PB2) tfD«aW»{cai^V^«EJSW 
3Kfl(PLe, PL) <9te«Btt£ttaHMa<5 3) 

fc J: o traM-stae^* ( PLe , pl) cotmim 
ks»*?sr (PLe, pl) ffMmftvmmt . n 

fSSBlEffl^-y (PA1~PA4, PB1, P B 2 ) 
£ffitBF/r5£BS (42, 87) ifcSaBtSRfcfOT** 

(42, 87) ±tta^6«@ajai^«aiwias-s 

[0030] ZCOtetb, *mm%® 6 iZRMCDftBMX' 

BJfcL 7^? (R) ifcEjSS-ftfc^-yfcSMWBf* 
% (PL) £tf-LTS«Lh (W) WE?-*-**^! 

(7i) izawx. timt$s&i~~n$%50)o*>\*-f 
wvvmmi&^uxmimim* (pd 

#tt£«jEt-£ffl)MH8 9. 9 2, 93) bi*t 

tzib^mibtih^X'h^ 

[0031] zntzfo. *mto$&7£s&B(0im? 

[0 0 3 2] tfc. U ?vt>U AffiWBftmztoh 

xmtmatimn&m. ( r ) ±fc»j*a 
<xfcT^^^t^-y*a»*5s* (pl) zitixm 

m (W) ±tc«K^LT, ££££ (W) ±ic)!)tSw[BlK 

x , ihai^fc^5flwes»3t^ (pl) otsflme 
oaat. «SEfflvx^ (Rt ) lavaBw-y 

(PA1-PA4. PB1, PB2) SfnaMft^jfi 
(PL) fcrtl/tBrSSB (42, 87) ±.iz&KthlBi 
lzm?ZWM<7)¥m.b<7)'J>%<bb-lT£l$tX. m 

m%m (42, 87) ±.^mhmtimm^- 
> (pai-pa4, pbi, p b 2 ) <r%mwn\m 

«IB£S3gLT. K^«acfflA^->- (PAl-PA 
4 , PBI, P B 2 ) BUiB0f€ffi (42, 87)±C 

&^Xm$&3tB%&Jk (PL) WtSflHWSSrJiliEL 
T, b5Kvx? (R) ±OrA4;V\-:?--y£friE£« 
(W) ±fc»"t4ikfe1$ai:-r4t ) «T*&. 

[0033] zcotzib. ^mm^m8i l zsm<mmx' 

mmzimizmntz z t . *<?mmmzm 
^ximizw£%^mmimmiEthzbtfX' 

§6. IftCJO, W±0BftW-y#iE!C£ 



±5tfl> 6. 

[0034] 

[0035] Hi tifc^So-I5£flO£vtf:*hfi0 

T*0s B2li01<Ol«33to»*SrtBT*4. 0 
1 &tf02 t^-t J: •? ^S^*2 1 {4. tfcSSIK* 
ft2 2tR|i«^2 3t*^1lBg§nTV^. ffiltffcilg 
1** 2 2 <0*& 2 4 ±fcJ4, tt8t&8#¥*P L e £ 
•RirWcflHW* >fctf>*>TSgR& 2 5 #£S$*iT v > 
6. fHE*«2 4±ttt. XYZXf- ^*2 6fc 
U— fT*S!»«8 (OT, r «§sj b^o ) 27 bW 
iEH5*iTV>£. HuKXYZXr-^2 6{4. Xf-y 
iBi)gP2 8fci 0 , XYZ^EIfcfrftfc^iMfc&o 
TV>*. 4fc. i<0XYZXr-> ? 2 6±K(i, X#|&| 
&tfY;£fofc^T-tt^flSt2 9*«4S5*lTV> 
6 . MffiBWS 2 7 (4 , i <D#i!j« 2 9 fc*f rtf 6 J; a 
fcK*5*iTV>&. *LT, ^wa«SS2 7{4, H» 
Mi 2 9 1 » Lt Bf**>l/— f % £ mth bbhlz. 

%<r>mitb3mm 9^^co^mb^mzm^ 
[ o o 3 6 ] i ^x-i4. fria^^^^p l 

eO^«AX^3*(6]$:Zttt L. -?"0**AX(Cit 

3<-rstfci>^ia2ottffltfp^^r6]^X!WifcL. 

ibxyzxt-v2 6ofi{tsrtf«tsai^»2 im 

[0037] UlETWas^ 2 5 _Lfc|J, ±SR^ 3 0 ¥ 
?3 1 )W»iB»«ai»**jRP L e cD±*fc*JOT£Hf 

#^«P L e <Dft«AX±fc<4iftS J: 3 tfi9* 5fl 

[ 0 0 3 8 ] MIBJiSP^ 3 0±tJi. M^tX 
M^^-^^RtiOJiS-tfcV^-C. -ecOxXhUf-^/l/R 

t &m%.<?>ffim i LtiHwr*Jtft<osafl*^R3 2 

77-fT^fpyX34. »JU-V>X35. S5-3 

[0039] mims3 3u, masK/ti Lbtx. 
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[0040] 3 2<0TffiW4, S'* v * 

3 8^«ifc^-y^»BI3 9jW«!J«SixTV^. £<0 
i>-r<y?3 8{4, 5/*y*B»»4 OfciOIKESWI* 

[0041] KriBXYZXr-^2 6±fcf4, J««*f 
(CCD) ££tf«Hfc»W4 1jWEMS*uCV**. ico 

««««4i(i. frtexYzxf — x'26Sr intrf a .r 
[0042] *co««jg4 1 <7)Md4 2 tfliriewej 

TfiHSflTH*. ^bT, £<a*3fflR4 3£J8IHEe 
«»4 5lcJ:0liH6S*Sii:-C» #1*7^^4 4 
#OTtBiiflS«&fl§4 1 WS:£iS4 2±tC*f*frt& 1 3 (C4 

r>x»&. tlx. mm&&<r>W£hWty <i )V? a 

4 * asw-* z 1 1 i o , friES*® 4 2 tAMi-isa 

[0043] B»JI& 2 3 tt. bMSUB** 2 2 

h^A ;WA'*4 8 ^'JR^SftT V>4 . ZCDU /Wn**4 
8<0±»fctt, 31ISa5«4 9S^LTKHEaM4 6** 
jSSSfTO**. «IE«3I3@B**2 2*«, R 

±t,zmw.ztix^i. zzx\ z<7)im&2 3\±, mi 
[ o o 4 4 ] mz. mm#im%&% p l e 

4K*-fJ:otc, liriEIS«tftt*it«*S*&fc«. «! 
Sffl^^-yfc LTO^StOr^. hA7-yPA l — p 

A4, PBl. PB2^m0mfS.^tltzf-XhV^9H 
A4, PBl, PB2t4, TXVW->MPG*WL 

I/O**, itz, )VRtHz\t. z<n 



&t/, ffie*'C^fci5iE0Pg5t«o+r B wgp<7)H-i 3 

rBftfriErXhA-^-ySfPG^^StiT^I.. 

[0045] iffBTXhA;J'->'PAl~PA4, PB 

i . p b 2ii, mmp t +caak««*o3Bea5P s 

yt^oT^i. MHrXhv^-yPAi~PA4fc 

pbi, PB2t(4, mB&XMPsrtg&mm m 

fa) tfW&hhnktox^h* MEf-xw^ 

->-PAl kPA2fcPA3i:PA4ki4, fX 
hA7-yP B 1 k P B 2 fc(4, BufBgftg&P s coia^ij 

[0046] St, EI2^ti:ot, lutexYZxf- 
-x*2 6 trairt4Xf—>'TB«ai52 8 , BUIEfi?, H fl3t I 

«y *IB»954 0 , fflfijS3K«4 3 £R»!rf SttftKB 

«ti±*l»jR5 2t:SSIl5fLTV^. o^ 1 ?, huIBX 
YZXf-y'2 6, ^7^3 81^1 

4 3f4, ±W*jfi5 2^«S^ta^V^TlM^S*lT 

[0047] KflEi!l^?l2 7t4, lufM«^5 2 

lt, iHi^sk Lt««ia«tj*5 3rtfcimsnfc 
Mm%mM5 4iz®mztix^i. tlx. mamm 

27*^(4, fflBXYZ^7 1 -> ; 2 6<0XY*|&|fctj{t 
6tafc»*Sfl!«fi*W£±M«l3R 5 2 *^LTSOC«i 
a»54t{B*$*l&. *IBXt->«»*2 8 
«4, miEifJ^ 5 2 £tf LTUIB*W®1*5 4 fc« 

(4, MBXYZXr-^2 6iOZ^rt«iJt*5(tl»[4atl53 

tzmtfiimmm 52^ ixmxtmm 5 a ic 

[0048] BUlM^1S1i4 1 (4fWBlKiH$aJSIS 5 3 
fciM**lfc7 W-A^t U 5 5 £^LTfftB?8&WI 
»5 4t«SRS<XT^4. *LT, mi$$tmA2£ft 

ixmmmmA 1 1 S3t§^ii«tcMti»tw8 

(4. £<07U-A**»J5 5K-fl#RS*lfcfc. WE 
M^JiiagP 5 4 tCA^J Sil^ . W£7 l^-A^ty 5 5 
£14, HiriflWfclSflN ltfc{tl.rXM^^^^Rt± 

5 6mmtix^h. 

[0049] mwm$mw> 5 4 -ctt, wiES«ttfli4 
i*^A*$n«.S3KB«KW-rsfli«i, mei! 

2 7 Xtf^f- JW* 2 8 X Y Z 
-y2 6^[4BtMt-&ffi$8i:fcS^^T, huIEJS^ 

[0050] KrlB±$iJ«^5 2 ICI4, ttSI*f^k^S«f 
IEM##ttc7)8Ki«<OOTlB>"V y ^ 3 8f0fflftB§^. & 
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<XTV*S. £tz. ^<0±fJ«I^5 2rtK{4s ?4v5 8 
tfgfllSih.'n**. fctk ±iJ«R5 2fc:ft«***fc$: 

[ o o 5 1 ] mz , mie*m«^^* p l e vmm 
&mwm\z^xwmth. ±#j«*5 2i4, mti 

Xf- vlfflftoE 2 8 tcftrfr L"C , XYZXf- ^'2 6$: 

OS3M4 2 £ , frK«M*£WX?ft PLe oft* ^Jflg 
KHrt(cfi^$^ME=S-rXhA^->P A 1~PA 
4, PB1, PB20&tm<^^;$Hc>ttJS&$-tfl>. 
[ 0 0 5 2 3 «vvr. tfE±Mfl3 5 2 (4. ftEEttS 
■ 5 7*^ffifE&M^o«^feK^ft$flfc^&S 
fg (UE^-r -y * 3 8c7)ggStB#S, ffifB«7£7 4 /k* 4 
4*>aaW^) *LT, ±»?&5 2t4. 

fc, ±#JSI)&52(4, ^-f-7 5 8fcBf(IB^-y^3 8« 

S3 3 fcfl&fl* I . 
[00 53] fit, ±$"Jffl^5 2*SW£^ v*$m 
«4 0fcitL-Cl?fiE^<y^3 8»BHft*i6^L. i'-V 
^38 j&flfcWl 5 RB«C , tvi -f V 5 8 #%B#£ 
.1 fit: 4: 9. frKf-x hy^->P A l~P 

a 4 , p b i . p b 2 nmmK wmm&k p l 
e &^tTfrieam«fli4 1 <o£#ii 4 2±K«»sn 
*ut, BiFis^®*\ fri£8H$tKffi4 nci ok 

RgSiifc^rBIsWKJIrtt t . ±S9«i* 5 214, 7 

?»SB4 o izm imzisx -v?3 zvmtttefrt-h 
tthiz. mmm3 s icw imm i Lcomm±z 
mtt. ziuz£t), mg.mmm4 it«»t*«E 

[0054] «&««4 1 K»9&*;h.fc1fflES0*«> 
Mftfc»*&fl!«l4. WiB7l^-A^^'J 5 5fc-me 

mti&. ztitmm^ mEsmtm&s 4^4. n 

fE»RS§2 7St/Xx-vWg|52 8KXYZXf- 

S>2 6<0fflflL -9 4 0HUlBS3tB4 2coffitfcR*sfli 

x. c*i6otiwiw=a^v^. iwes^f^^PL 
[ o o 5 5 ] $ x . mmmm. 04 0 

5HXHj {4, 3W>2o£*jW$;h.4. -0{4, firfB«# 



[00563 BiTlB3e«*[&IC0IRII^It)i-tl.%&(C'3V^ 

x. <xv-y*-/izim0)mwim : s:-&#>xwjit 

XT-imm2 8lz±<0. HEX YZXf— 5^2 6* 
HUfES&TOfc^P Le<03(«AXKi&-oTJ»@8IM 

xammzmiZiti. ztuzx*), mauam4i 

tttttr^ W^-yPAl~PA4, PBl, P B 2 

[ 0 0 5 7 3 i if , M^J405 ( a ) fc^-T J: a^rf- 
XhA7-yPAlt frlBffi^««4 ltciOIXOa 

fiSHfc(t.Sat&W : 3r7K3SS^Wi. 05 (b) cnlo 
{c^rS. U*»Wn6»fe, I8RKJ4. W»Wr««<oa«l 
®&%&%PLe*ftlt:%&Tb^Xi>. t^Wm 

mmm^zxizmtmm^m^tiimm^ 
commit. 05 (c) ico*^ 

*»*0»»I4. 7t-^X©S, tWffIPL 

[00581 frlB«ffsaa^5 4 iz&^x. z<dx d iz 

lX$ibt>tllTX h W-V P A 1 CDim&P t 

sn». ^yt~^xmmznmtt. *lx. #7 
wmaasifrfe, 7*-*xfigt3yh7Xhfc^w 

««§r»fctJUT, Si>3yb7Xhw«<=5rS7=j-- 

[00593 mlB«M)R^^ltSat-|.l^{c{4, 5V>fc* 
H<7)P=S:l>HufBTX HA7-y< MitfP A 1 1 P B 1 
fcS-. *«.^(4PA2tPB2k^fflV\ #fXhA°^ 
-VPA1 iPB 1 fc<0. *SV^4. PA2kPB2i 

[00603 |!)IErJ-7itZII5rita8' i ri>^(c{4. WIBrX 
Mxf-^^Rt±«yN'^-y^PROEgpsgp*sv^4 

f X W—>P A 1 ~P A40 0 b h 1 oSr 

ffiffl+S. *LT, ^OfXhA-^-yPAl~PA4 

WjtWmntA yt-^MP<ow«B»t:«^-ti-S* 
<^WRe-^spi. sP2<o3fi«H(e-^<o»so 

[ 0 0 6 1 ] ; ; x\ mmmm-^v l e 
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s p i , s p 2commzmim. 

-7lRH*iff?ttl>^Cii, 05 (d) t^i^t, 

ma-ttcr>mMt°-7 spi, s p 2 1 ^o3-7irh* 

^Hmf-^ S P 1 , S P 2 CDSfigUA I £ , 
feilt V^#3VJRHJItiJ»t4«ie»Ht-^ S P 
1, SP2C7)3$SHA I^WflWtBl^iifcH.to 
T , Itait^ LtZT-X b A? - > P A 1 ~P A 4 coBB^fJ 

[0062] «IE^^IRaS«ftilRt{i. 
fa<9flIiETXhA^-yPAl~PA4£ffiffl-tl>. ; 
£T\ f\xhA?-ypA 1 zm^xWfnffiiztn-t 

^xfyVx.yi'-YfomztswiKAhyt-tizWM. 

ittl&V&bi. ttz. rXhA;?-yPA3&fflV> 
X45" ^$\i,Zii»h<X\-7 
A;?-yPA4£fflVvt 13 5' -JjlftlZim&KZh? 

BcoM. St/'. mfE4 5' JTfttmiLl 3 5° ^fatefe 

[0063] miimmmxfr&mzte, me^x h 

tfx hA^-yff p GSr*tr1BfcOf * h A?-yfif 
y p A l ~p A 4 coJS^fficD^-X h ^ * -%x&mztt 

•tmmmz&M.ztitiw-ymPGco&T?- y-w 

- y P A 1 - P A 4 COJSI^C^X h 7 * -#*&BCD 

[00 64] -2k ffiBii3c2ri6lOJRM. oiOfU 

«28tJ:0« fulBXYZXT-i;2 6 
dixfciO. mAi,z^tmi : f^VV^9iVRtn^L- 
mz&W.-f&'rX h'*?-yftPGc i^cOt-X hW- 
y P A 1 -p A 4 <94*5r < 1 i> 1 ocoSUWR tBaWR 
«ffl|fc:4 1t*ti5S*&. ^co^m* s plBS^««4 

[0 0 6 5] <XOT\ BUlSXYZXf— ^'26 5r. XY 

- y» p g c k 6 mnimco^x w-yftp 

G rtW^fX h A ? - y P A 1 — P A 4 CO -5 ^,4-^ < i; 



fid. COl^ ±M**5 2«. fjfEa««fil4 1^m 
IBSaiHR^lROatrcotraHLT. 19iffiWI»2 7fc*t 
LUfBXYZXr-^2 6WXY-ffc^[6]cOfia^fta 

*&mmmm.wm54iz},j)Zit 

ztnz£*)^ |JE#TXhA-^-yppGrtOTX 
hA?-y p a l -P A4fl&SHfe<9»fcfiiia s > mrte 
+'t#fcEjI 3*utT* hA'^-ypPG c rtcof-x h 
A?-y p A 1 ~P A 4 <0£<lX£it£ Jf &k LfcJSt^ 

an 5 4 fc*5 vt . (9i2#s»«<o«a[ffl*t . fneaii 

«*fcti.tSftm 0 l^tfcWSaRJK^fiP L e 
[ 0 0 6 6 ] *WM* s «lB^tL^fe*t <t 

cfiHEH^^cJ:!). #aij^*tfriE3y 

tiO. H5IE^ffi^* 5 XY^fflrtt'TO^»^l»; 
[ 0 0 6 7 ] i ;t 06 tZirr? <t ^ lflB^*fll)S 

x'\i. mmmmm4 iizm&m?.m&co%mm 

(±. B5IE-&)tlil!j«3*>ftffijgiS^coiii)coJaM(cWL 
t> r<J9SIS!T&*. ifititLT. fflEa«l««4 

i t*j^iiwiai!b^w»Kera*est & - 1 fc i 

[0068] <?rtT, ME-3y^7X^^0(f 
ffijg«-7)Jgl)Wl/2iiMd5(J'fflS-tft*\ 

&fmm<®tzfk <%&tmi3yhyzh tfetmtT 
tf*>xzxi£o. zcotzub. ma%%fcmi. mas. 
immkcommco 1 / 4-3/ 4 mmco^mmt 1 

<, l/3-2/3OTOKH* { J5^.C»ltLV\ 

[ 0 0 6 9 ] £iz. mzjmism<7)¥ft®m&i>%>% 
wwwrrsfcftttt. friES*^i5r, mia^iaft 

<7)2/3^4/3m?>mm. zt>izmi<it3/4 
-5/4mmcDmizWi%Li-i. 

[0070] fe-oX. 1H±0)*o£M&ZtLt:Z.0)mi 

mtmmizxm, iXTnzoKimzn&zktfX'* 
(A) zcomi mtmmcDm&mw. 2 1 xa . 

^5 2*\ ffflU3kti««SI^»PLe«JR 
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i~pa4, pbi, p b 2 <nmbm>%%®i } ®& i g%. 
tixoiz^x^i. zzx\ mmk^mco^yhy 

3vjrh, #£irh. immm x-ii. mmzmmtf 
tmizmw^i ^mmwnx-m&m : m<mm<n 

fe, mmmmcDmmmizm^xnm^titm.^ 
i^cojrh (f< * h-yg » X'it. mi£%ymmt>m 
mmm^-t t smmcoftx-mm mkcmmoti 
&tsteimmmLt%&£?izwi$LZtiz>. 
[oo7i] mii®&m&L®.mm a i 
ft-t&miz&^x. mm^mrmtm^^zi^^ch 

imvymtztii. ztuzx<o. mmcoimmza 
ii&mmm&z , mzKx y<nw&izmfc$h z t a* 

< friB mmk<nwmmw*wm ft z t vx-z ft . 
[007211-,-c, i9iMSMMR(=^(r>'c , mm 

ffi* P L e K^jq3rt-4*lKllt jE«t:tt«W-6 - 1 if 
mrlEM^S2 1tfc(tl,»jiaxh 

sift, aaftUro-tiwfciaarcss. 

[0073] L*»fc, fmW-yPAl~PA 
4, PBI. PB2<OS»filWS3KNf^&^!g-tSfc^ 

ft. lot, $A£&o4Hik m&.nm&it*m<zt 
% < , km®**?* PLe njEWcmtmmm 
mm 2 1 tssas -e-s ztirc*&. 
[0074] (n) z m i mmmnw&m. 2 1 

?J4, WjffitlJj6^RPLe<o«iB±t:. fxWV- 
yPAl-PA4, PBI, PB2<Of£f£{g£S3K-f£ 

firiE&&&»3^ PLe nmwmm ix , * 

PLe lZftl£tZ&M£$:®%fr^]E 

mt,ztm-t&zktfxz&. 

[0075] (a) zmigmm<7>®j®m2i 

X'li. Mimffi4 10)9Xffi42£*M+Z7'XhM 
-yPAl-PA4, PBI, PB2<0«a^K:fe»tS 
*M££5E-tft»3flS4 3#Slffi£fiT^ft. 

[ 0 0 7 6 ] z<Dm 1 niiM-tii, miesm* , a 

«««4 lrttUffllSiifcccDtJ: 9&mx/Co 
ft. ifiaMWR«0WW«a»^SfcJEtT. 

£H** & i 1 1\ friec c d t5j»f hwmvXA 

tmS£t&Z.k&X'%&. t^ot, CCDtfftfttRSi: 
&ftcD£H|je-f ft Z fc #T"# , t^^fllS&fttt* 
lilfcWWti^fc 

[0077] ($2ggfB8S) .10$2£fbHB£>tft£ 

gi6 lmvtn mimmsizmidiz, m 



^wmmf^immfmtm^-ox^h. ttz, z<r> 

6 2 fcli , ^c0*& 2 4 ±KJBfrt 6 

¥%6 5immztix\.^. 

[0078] ;tO^Sgg*ft6 2 T'f4, IwlSv'-r 7 * 
ffit«3 9*\ XYZXf~y'26il:fc^t. frfStWft 
6 4«>£}Kffi4 2 fcHffltftWIo X d [cffiSSix 
Tuft, ifc, UIB*#K4 3«, mW£1^3 2 
5 >f 7M U y X 3 4 fc 'J lx - V V X 3 5 fc OHJ t 

[0079] l5IBS«|-fe^6 3(i, Me*9g2 

4<oaent»*fcE«s*i. ^ws<S2 4tcflHffl-rft^i!) 
ojii»**itiL, ^c7)««^jit^ftffi$g^ffie± 
fjffli^ 5 2 caja-r ft «k P t*r> T ^ft . 

[oo803 § (5>c, mmckft^m 5«. frtawa 

««6 4«»eH4 2<0T*KKII5<X. -e^S3KBS4 
2tASt^ftmKrXhA^-ypAl-PA4, PB 

i , p b 2 <?>®mm ftucofamz&tth x a t^o 

14, S5-66^UM*f (CCD) 67(cJ;D 

jxoa^tift. 

[0081] ;^2IUfe».®cO«gB6 1 T'ti, ft 

«ia»3i6¥is PLe m&ft&ntm-timz. «e± 

*"C. B?ld»-fe^6 3*^A^3ixftB5ieiE«)C0iS 

wt»fftffl#fc^v^frie»«««6 4 ws«4 
*i*k, ±ia»jfi5 2tt. mie^^ttwtfsymcfe 

V^T, HlitC«gl*#:6 2tC^fflLTV^ftfi»cOJS 
WtH-ajLi^t^ftiRHttciELT, «JMrSIB^^ 

•y^«iffi3 9<mmmmmvmw.5 7 

lX94-?5 8lzWL%.tl. 
[0 082 3 ttz. Zcomts. jftMZivfcZVmzK. 
mtmk^m 6 5 iftttumtftfttit Zkt% 
ft. ^C0>tto, l?teE^3^^6 5<OJRMtit$8£, T-to 

MiBE^ia 5 7 tieii$*Tfc < . lt . flriasa 

jPS 5 4 14, Mec c d 6 7 T-E 0 aiiifctt»«t: 

s^v^#itxii*%a)?iift t . i^afc*dK^6 5 

JRI£flHI*I^E±fW»jR 5 2^^ LT Mieieii^B 5 7 

5 commit m^xmmm^titzimim. 

L, frte»^S»7K^^ PLe <0fe«1ftt2r ft J; 3 

[0 083 3 i-5t, itf59S2S?tBB(Bt:J:<Uf. fifS 
milgm^icfcttft (-f ) ~ (a) izffiBLwmtzto 
IX. MTn£o%%)%&®&zbti' i X'%l. 

( - ) ; ^ 2 %Hurak0tfB^Hf 6 1 T44, 
«**6 2 K*cD&£gfi#tt6 2 ^ffl-fft»c0# 
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[0084] r^W, IWB«lHr^-6 3tiO, 
«ttft»**» PLe wttfMWtofHB* fcfcv ^ , mm 

tiJLT. ^OSI&tfJffltfcfcfcfc^M^-yPAl 
-PA4, PB1, PB 2<OSIWR<»5S3!£B«B*»€t 

[0 0 8 5] L*»t,, ffil2i5»|-b^6 3tT8?ffl$*l 

[0086] (*) ^<n%2mmm.<nwtmw.t> i 

Tli, afMlffi 6 4 ^S3tH4 2kCCD67t <0lHtC 

ffi4 2£jffiSl,fcT;*bA'?-yPAl~PA4, PB 
1 , P B 2*>SIMWi. BIEifc**** 6 5 (cJ: Oft* 
8*ifc«HrCCCD6 7K:rK0a41i*. £*ifcJ: 
0 > BtfteCC D 6 7 tCfettS H?ieftJ^O»«S#±# 

3*U *««UIMWi t IIE7l/- AX*y 5 5fc-JKBI 

fcfc»tS4MJ^fti«»«*-«fox** i k#?# 
5. 

[0087] (mmmmm) oris, 
jBffl<o«3iaa{cft*fl:tfc*3naBejBicov^, sir 

[0088] i<0»3SOI»Ji<Oll3lSRB7 1 Tli, 0 

3 5comz\/i-7 IVJJA >Y7 '2im\tktlX^h. 

*Mi9-VW&bPtBMMI&*tl o £BMZtiX 

-Y V FHMK7 3 fcJ: 0 HHJiir»fl:aaftft« "IltiBftS 
(flUtf 2ftcOL^M<7)^l&jg3KS) TV 

(;'J4II) £S**S;ii:KJ:»). 

t\sRzmm-mwmz&iB.izWi&tz> x o tz**>x 

[0089] L0RrftiiM£U. 

^RSTte, fXM^-yPAl- PA4, PB1, 
P B 2*^«$^f A h l^?;PR t s $>&\,MiTrt 



com A x k W£th x*Mz& v vo«Wiirt8lc{M# L 

-mxm^titzvi-^ivxT—^wmuiA^zi. o 

Br«0*[6j («rfi (Y*W) ) fcWmk&oT 

[00 90] rfll/f^JWf-y'RSTIi. 

X*htzWcT)ffltoXYu-7ttLX^h« *ti, 09 
(CfeWCIi, 1»iB^3^*PL^Me«AXjCi&d*-|6l 
*Z#|6U frfe^3t^PLcO^WAX&tX«fflktt 

[0091] WtEVf-^^T-^RSTcOJgam, 

7 6#>'H5£;*ftTV>l>. ioajH^StCkoT. 
^^Xr-^RSTtfOY^^tfOflrB^m^ai^n. * 
cOtMKWI-SflHWi, ±IW*5 2fctMJ$*i*. * 
IT, ±Mf|$5 2UU mflfiUf-^^XT-^RSTO 
{igtt#K£^T W)VXT—Vmm 7 4 &M0P 

[0092] fiffei^^RfrSjiUdSBIift I Ltt. 
ttflBS»3K^ P L iZ mth . £ <D&»3^ P L 
Ji, %C0&m±lzMl\'l-9 )VR±.cr>rt?-y*&\Ut 

1 / 5 ft* v^i l /4 C»hLfcSaWR*»JiW-S . 

[0093] f-OfiUU^I^P LOflMBWfctt, ^x^n 

7 * v'X h sW«pS<ifc»Ki: LTcO^xa 
W*>'-7XA*;^7 7^tT»S^»§iXTV^. i 
»-)XA*^7 7li < El^ L^r V ^S&SBtc i: 0 . lute 

p LaBm&m&n i . ffiiari*it««^r 

[0094] M^XAXf-y'WSTii -)IA^f 
3c-r*^F(6] (X^[6J) ti,»«)"Itgt«$flTV^ 0 

dWct o . >7xAw±fcizi§^#v g -y hmm 

[0095] fiE^XAXT-^WSTtfOa^ai. ai 
££2 7*»fe0U-* **R»*&»IMI2 9*«H«S 
ixtfcO, >>x;uf- ^*wstc7)X^&i^Y*[S]co 
ffit<d3lfi«2 7fc:J:oT««M*{iJ8fii. ^uf 

2aof-e<0±M»jR 5 2 LT«*«a! 5 4 CA7J 

§^*„ ±$ij»*5 2{i, z\<r>mmm (ttzamm 



[0 0 96] ZZX\ XTv7-7yV ■ 'Jt-KftaS 

Ri^wmm. miv^9)Vfy^yYi2X'\m 
lEummzmmztii* zix. tm^+tfrRtvx 

[0 0 97] Xf-yr-T^F • X^f-v^iC"?- 

^&m%-th^z\±. \s^7)UR±commm®tiK m 

muj-7fr77 4 > F 7 2X'tkUB (X U -y F ) 
rnVrX'^tlZb^XD. im\y^9)VR±.cr>mn 

^9->mmx y >y mommmx— mbfrbim 
mizfofr-?xm<xmw-fh. ztuzx*). msssmm 

[0 0 98] ZZX\ Vx.^miVJ-? )lRk\m±& 

mmzt)&K#>. muvi-? )VR<7)T&£f>fat\mn 

(-Y^T|6]) tlufEl^f-i77l^Rc7)^SlC|B)^LT)7T 

i^g >y Ffflli^H^^IEt'Srl.o ^SSS^JtV 
w/V r{iiE«ltcS»3t^P Ltf0ffi/hfS*fcJfi5t^i> 

w^-oTfcO, frRhnmw^-ytf^x.^ 
W±co#v3 ■•/ F«i^±(ciE?l^/FiK¥$iil.o 
[0099] HiflB^xyxXT-vWST^^WJ. flu 
fE&fyft^P L fcfttf X 0 fc. -*f^M3M7 9 fcS 
3M8 0ttf^&l>7*-#x{iB^ft^8ia«f££ 

*ro>i>. «riffii3M7 9{±. mw^wco$miztt 

IX mMy fbU S JX F * s !S3t L&v >»£<Dft8!ft£$ 
AKiUM-**. «Ti2£3fc*8 0tt. *0ffil%a<}XA 

ll:i^uttlE'>xAWii(!D7t-*x(il (Z3r 
S»5 4tAy f J$*tS. 

[oioo] H9&t/0i ots-r frte 

414, 1WE'>xy>XT-> ; WST±iOBX#l!!]SP8 5Wc 
fcwt, ^^ffi8 6**ffle»>xvNW<0^H<0^$fc{J 

«ffi84<0flffi8 6±fckt ff|fi#rXFA^-yPA 
1-PA4, PBl, PB2Wl*WiBI£»Ps^S 



(ai))00-283889 (P2000-283889A) 
SWJBStiEti i 3 K**OS3lSiifc LTcOXU -y F 

; 87imnztix^z. $im«gi«8 4rtOHuie#x'j >y 
i f s 7 tttfotimmzmm? ( c c d > 8 8«%s 

SfVO**. ■K0CCD88U:, fufS7W-A^^U5 

[0101] £tf>»flM*tl8 4 ttJ^Ttt. 3 K 

-fXFA*-yPAl~PA4. PB1, PB20&1* 
ttcDRO&^tffrWxS. -t**)*. B9&tfl21 lfc 

X . fiiaim««8 4iOX'J>yh87 5rlufE^7t^ 

PLcom^mmmzmzixtzmi&TZhJW- 

: yPAl-PA4, PBl, PB 2C0V^f^*>C0jfi^W 

f /tswmsp i Ksas**. &vve, miEisw* 

£ : J4tfmZhX^&m8BB9LbxV 7 F87 fccoffl 
[ ?XAXT-^ft&7 8fc*tLT\ >)iAXf- 

f sT<^«*f&^t6 xu-yF 87tfmm&mz 
i ^^LT*^jt3K»Psfc«•^Bt£ls»«Ps , whjh* 
< wzws^xmmmmmzb^x. &m7&mp 

■> [oio2] ztitizi o . «sa*»p s &ttj&ti& 
mmp s ■ *\ ii<xi5iex y >y f 8 7±5r3ia-rs i t 

i Kot. H?IECCD88tti^THtffa^«* { K , 9a 

' <ffi3£mmxn* mmms a »x u -y f s 7 ice 

, lt-l.7 : -XF>'^^-yPAl~PA4, PBl, P B 2<50 
m&tmi* U y F 8 7 fc coffljfflWjiK s - 

5 [ 0 1 o 3 ] t tz . i colS 3 ^Sfc^SS^K^^at'ti . 

f MEii&fillf 8 4 OX 'J -y F 8 7 KAWt-SIHWRttJ 

t »t**lPSE*. ±tt«* 5 2 A* t^ffi^fc J OiHm 

« I L$rHiSt-t-5>«3 3 IzMlXffimPffl I 

n ^»fe3esLTffo±'3t:=flr-oTV^. ZZX'li, KM 

i 3 3 tfmgzmtmfS. ix^i. 
r [oi 04] zuz, m9nzm-xoiz^ ±®m&52 

J fctt. BillEiRM^tti^ 5 3 W«*«ffl95 5 4 fcJSV >Tlt 
i^«»ttfj«!^8 9 Wi. SJES»*¥*P L<0« 
: 24«K3fiTv^. i<olSIM*tti!«W8 9t: 

i a, «aa»*^*p lco««9 o rtsoff^ *wmh 
i tz#>aEiiwm9 3mmtix^&. zlx. zti 

* 9 3t,zz; t)ms.mtfmztixvz>. 
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[0105] zzx\ m&mw»5 214, AJiztifc 
mmmma 9 t*tu B5fB#ra«T9 2»tfEfc 

ffl«W9 3W«»£i&4H-4. ZtllZ**), msi&uy 

P LCD&t&fflitmiEZtlt X 0 t * -5 T V ^ . 
[0 106] Slot, iW»3Sa(0B!Bt:J:ixtf. ffiTiS 
SSillfi*IBfct5ttS (4) ~ (A) Cg»t^<0fc{J 

[0 107] (M £»SS3gfl0BJB«iBISeB7 1 

xn. im&iiimsvftMztitimkiz&^xm 
mm p L<oig«^tt*iiiiE 3 fi* ± s c & o t ^ * . 

<. &»ft^p uz-#&tb&$mziEmzvcmth 

ZbtfX**&bbl>tiZ, *aVt»%&% p L ote*#tt 

\m^itfz>^->ttmz^^)^^zmmm- 

IZbifiX'^X, Wfc?XAteis»tS*Hr* 0 fcfoJiS 

[0 1 083 (h) ^c0^3HJ«^«O^^IS7 1 
"CHL Utll8 4 OX y >y h 8 7 fcAlt-r&SMHRfc 

* 1 Lzmti%w.3 3i,zMLxmtmmit 1 l«a 

[0109] c miB«m«ffl8 4 COX 'J -y h 8 
v . gi5p a p^oti^&^«^a«-fb *• fs < - b 4 

[0 110] (SSgfl) *^B30Hilfe»«(i, H 
T<0£ol,z$3ElXl>£\<\ 
■ UE^HdBeJB-Ctt. f^W^-VPAl-PA 
4. PB1, PB2tLT» j§3t»Pt+tWfc«*« 

wc^S. ZilttZttlX, fxw-yPAi-PA 

4, PB1, PB2blX.m%MPsWzmi<?)$k®l 

wet in. 

[ 0 1 1 1 ] zcoi; 0 izmtx h . mmmmmmb 
mmmzmskznbtiz. mz. mmmmmizn^ 

Xit. KilE-fXhA'^-yPAl~PA4, PB1, P 
B 20tmfc*ttt«H*8 4 COX 'J -y h 8 7 fc Srfflttf? 
•8*. MfB*S*flMfBX y -y h 8 7 Stfr LTC C D 
S8Xm&tsZbl,Z£r). m%&%PLcomigt¥m. 
tW-rsflH8*»*J:at*oT^4. ;<0ftft> 3S3 

IEX y >y h 8 7 ^^W&ffiSP 1 XlfieasHmMP 
2 KESSiU § U 7 h 8 7 £fBft»*0 



5i*gi5P s \,znmh miz-Kz-tz z t vx-* h . 
i*it i y . ftnstMftttip 1 sy'^s^TfiBP 

2t14, MecCD8 8T'g7fe$fL§^(4, MbLb 

[0112] ■ luie#HSI^ffiT14. t^X hA?-y 
PA1-PA4, PB1, PB2<9&l*«£»#«flt4 
1, 64. 84fcTK9^'CMMWW6;fclcJ: 

y s tft»3t^p ie, p L^frjRn* w«rt4a!«t 

Ifc. £*UC*fLT, fXhA7-yPAl-PA4, 
PB1, PB2<0«£. W?SPLe, PLlr^L 
X. 7*bl^XbcO^£flfc*XAW±fcM§Wt 

[0 113] .roiStsHWiLTi, flftB (#) £lfcn 

• mimmmx'te. mim 1 l £x^ 9 s 

ifWAVWfat^ flitf g*SL h«L i«^C0 

nrwe4fc(4«j'i*cowi. yag 

[0114] ^coi -5 tflWLT t , MB ( M 
HulB#«Jfe^®T'«i . t LTCCD67. 88 

mHifctK mimBDm. ciDi, cpd^. 

Mosm. PCVWf<r>4*-V*.y*r. 7*hv;K 

[ o 1 1 5 ] ;coi a t lt t , mi&mfmm.b \m 
■ mi&mw,Bmx'\i. mmm 1 , 6 4. 8 4 w 

SH4 2 ftS ir^iX y 7 h 8 7 KAS^SaiWftKfc 
ttl.«ilBfiSr, «3K7 47^4 4*Sag-r4ifc. ft 
SW4. 3K«3 3*^ajl*$itSHSHB3fcl LC0A;Wi 

^sse-tiifcfciyff^-cv^. ztiizftix, mt 
imMv -V f-x-ifflffi b M3tgp b mm 5 iifc«wfc» 

♦ST**. ^-cOtS^COt-yf-^tfcV^Tffl^tt^ 

tfflv^r. wsxam&*fio£oizixi>£\<\ t 

ft. WffltKSfl»±3-T-f y^*ifiUc2tfc<oBgHM 

Wff&SS&h Zblzi. *)m% I L*>x*/Wf-*£ 
^^x^dr-^p^^ffl^T, fflB^SPSSrff 

[ 0 1 1 6 ] ccoi 5 fcfltftLT s WiB#HS6»®fc 
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v vxm>hw%0sm,zh s t * -fx 

h^-yPAl~PA2, PBl, PB2<9&U«£ 
W*»M6 4fc:.k l 5JR l 3£tr. iOidKLTJROi^ 
*£tt»«<c£-3v ^X . «EWI^ P L e coJSfj^tt 

mm?&z.oi<zixi>i.\<\ zcomii, t^mm 
mmifiwm^^^Mx^htiuzib. mmmme 

xi>±^L. mmMm6 4X'+K%isi&tJ}i)mt>ii 
zmmzmmixi>n\ 

[oii7]*fc. mssmm6 a \z x o , «^«ie 

fXhA-^-yPAl-PA2, PBl, PB2(Dim 
<D5SB$|gI<50gftT'K 0 7 =E y 5 5 KtSlft 

*5, may 7 r U >mfrt>m%.nmmizfcz> t s tcts 

T . 1^BW*KI!$ft¥& PLe Wjgf^fttfcttffl L T 

[0118] ^ix^oi 5 tzm&tntt* m&m.*tk 
mcomm^^x^ > x o t, , iEW8r«£o* 

[0119]- Kffi»2HI(9EJJBTtt. WE 

tgil* 5 7 Cfftaitt?« is V Vzfok%&3k 6 5£>JR 
HfcflH-vt, CC D 6 7XW&$1xrzWm\,Z&1^ 

«. mwmmvx , mas**?* 6 5 £ 1 s 0 - m 

ft£fct\ fflBfifc*dfe^^6 5<0iRHO!^ISr^-fft 

i^fct-rfej:^. ztitnmz, ffimm&*&% 

mm%<w%iz*#>zzbx\ wm*%&%6 50) 
v&mmm mtrt ixoizixtx^. 
[0120] mxuzm&ixb. mmm2mmmm 

• 4 fc. friem 3 iwitu, a«««8 4 u 

>yh8 7Cfcft«.xXfA^-yPAl~PA4, PB 

1 , p b 2 <wm&co%%.mm .nmixottm 
miz. znw&mtmix y 7 1- 8 7 tnm&®& 

^52 fit* *7>?£$iffiL. mmmmm&a^ 
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[oi2i]- * , tgsd 3 saegwrtt, Mief 

XhA7-yPAl-PA4, PBl, PB2«® 

fcfci»). «Hft««8 40Xy-yh8 7t»»S*, W 
iES»«* Hifiax U v h 8 7 fctf - LTC C D 8 8-CW9 
atriotLT^*. .IftlcfrtLT, «fte^y>yb87 

HW&ts mzLXi>^\ itz. MXr-^'RST, 

soffit friex y «y h 8 7 1 zttmmz-zxmim 
mwo&tsXoizixhxw 

[0122]- iiz, m3mmi8Xii, MSxx h 

A7-VPA1-PA4, PBl, PB2<F>®&\&ZWl 
Wm& 4 (0*ffi8 6 JitffM^^X y «f h 8 7 fctf 
LTCCD88t*JX'53.tJJ:oK^r->'CV^. itlfc^ 

«aJUWR*«EHIP«:^LTCCD8 8'eW l )a 

[oi23]- it, mm3mmmmxit. 
*^p l * ^■thmjgmizmiimm^uz. 
y \w±t*<ssau* 1, v ^aft^aiH- ft mm& z w 

[0124]- t fc . flutes 3 »ltlt 

^*^c7)ffiWV-f ^ OfAM X^iafflO. Sift Wi, 

[0 125] iixtOidtflWtLTi. Btfiam3H)» 
PL, PLeli ±X crtff&m^timVi&CO V yXXft 

tftztiz,i>coi,zmt>ti?. mm^a?-) -cms.* 
[0126] Hiria^nsw®^siiS2 1 , 6 1 &v 

3te^fl9»«*«oJ: 0 m&lLX iZb 

xwmztiz. ztiti&mmzum&tzMz, ^ 
mAiLxmmzn, m^mz^xizm^tm®. 
*m&thtztb<r>wm. mmmmz^uxmmm 
mmtitzwvm. zmmizo^xumm 
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m*7i'Xr-j±frbffl&m.2 i.6i mmmm.i 
A<o«aaai2 i , 6 i&tffs*gB7 i^c^a^t 

6 l&tfgft§£g7 l^flcfc LTcO&«ft£#*5|&£ix 
4. fcfc, &£§&I12 1 , 6 l&tfSS3te§Si!7 lOSSJt 

[0127] *W&tM xii, r^M xco«^ • ttfig 

MMW*X?-y7\ MBS&BOWMiWBi. 7 1 KJ: 

&!SW31S¥*s SUI«te^j6PLtlS30gjt7 l*Hct« 
£ t t> fc, *R«ll«a«fc6»fe«: 

tce^iss <«susisl tttn^) i-ttzkizx*) 
mtmmmcomm^u 7 1 * w&t * ; t s . 

[0128] mz. § fet»E4niii»mat^3i0w> 

feffiSTS *«IWM»=ov vc , *ti cem%t mz 
( i ) fflis»o#tt*>\ ^«or< fc dumiiii 

[0129] ( 2 ) MBRHlXtf' wx*?* 0 , m 

^^tMm.^mtmi^)vxm^m-h%mzn ix 

[0 130] 

[ timoattik ] KLhPa Lfc J: 3 K, #S6?S#JB 1 

¥%n®&mizmmmm<7)m)<7)mmmi 



btfX'tl. 

[0 1 3 1 ] *«f**2lce««5HHlcJ:*i 

[ 0 1 3 2 ] *Mf*JS3 ClEK<OWflfcJ:fi 
tf, tiriElt#JBl *fctifB*JB2 fcCnoftWMMUc 

I. 

I 0 1 3 3 ] * fc, *HI«*«4 CE«*)*6!l!fcJ:fl 
tf. mfe»*3S3tlB«co%HB«S!)*«nx-C. 

[oi34]^, ^mims&wMmiz 
[ o 1 3 5 ] *pa««7 iztm<mmz 

[ 0 1 3 6 ] *Hi«*Jl8 tiE«<0«ifllC Xtl 

[an mi sat»sw«u»3K^w«aaat*^- 
[H2] minim$im^tmmfm. 

[03] rXhA^-ySrtfc^LT^TffiEI. 

[04] f-xhl^^Sr^-t^ffllo 

[05] fx h^^-y<0lsa»««0BIR»ltBW-* 

[06 ] mcommt^mmtmmip-mm 
0. 

[07] $ 2 HJtB«^S^^^^^3E^B2r^T 
-a«XiEffi0„ 

[ 08 ] 07 offlE&maki-mmim. 

[09] m 3 mt^JS^R^BS'^-ffllftfit^S. 

[010] m9mi$z!&±ixvk-fmmffim. 

[011] S^«k X 'J v h t OffiW»iifclJW-6i» 
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PA1-PA4, PBl, PB2-1$£ffl^?-y 
b lXCDfZW->, PL-W?«, PLe- 
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